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ABSTRACT 
HYDROMORPHIC CHARACTERISTICS OF SOILS FORMED 
IN THE LAWRENCE SWAMP-HOP BROOK BASIN 
OF AMHERST, MASSACHUSETTS 
MAY 1994 
DAVID SCOTT GORDEN, BS, UNIVERSITY OF RHODE ISLAND 
MS, UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Peter L.M. Veneman 
Although technical criteria for hydric soils have been established, additional 
research is necessary to evaluate the applicability of these criteria, in particular, with 
regard to the so-called "problem soils". This study evaluated the relationship between 
redoximorphic features, ferrous and ferric iron concentrations, oxidizing and reducing 
conditions, and long term hydrologic data. This information was collected to develop 
regional soil hydromorphic characteristics indicative of the frequency and duration of soil 
saturation. A two-year investigation was undertaken of soils that had developed in post¬ 
glacial lake bed sediments in what is currently the Lawrence Swamp-Hop Brook Basin 
of Amherst, Massachusetts. The study sites represented MacLeod Meadow, a wet 
meadow, and Efts Arrow, a forested hemlock swamp. The hydric soils, hydrophytic 
vegetation, and wetland hydrology criteria agreed at 9 out of the 13 sites studied (69%). 
Of the four sites where agreement did not occur, it was observed that soils with a sandy 
texture in individual horizons with a chroma of 4 and prominent mottles with a chroma 
of 1 may reflect significant wetness. Sandy soils with a chroma of 3 and prominent high 
chroma mottles showed wetland hydrology, while sandy soils with a chroma of 4 and 
v 
lacking mottles do not have wetland hydrology. Simple linear regressions using matrix 
and mottle color chroma to predict saturation frequency and duration could only predict 
12% of the data. In contrast, when multiple stepwise regressions were used to predict 
saturation frequency and saturation within a soil, variables including percent organic 
carbon, manganese content, and low chroma color indices predicted 64% of the data 
during the growing season. Accurate predictions of soil morphology cannot be made 
from the models developed here. Soil moisture regimes and soil profile characteristics 
are not directly related, but are connected through complex interacting soil forming 
processes. These processes are dominated by the redox characteristics of the site which 
in turn is controlled by several variables including organic matter, soil temperature, iron 
and manganese concentrations, and frequency and duration of soil saturation. Given the 
heterogeneity of these variables, it is not surprising that there are discrepancies in using 
morphology to infer a soil’s moisture regime. 
vi 
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CHAPTER I 
INTRODUCTION 
A. Overview 
Wetlands are lands transitional between terrestrial and aquatic systems where the 
groundwater table is usually at or near the surface or where the land is covered by 
shallow water (Cowardin et al., 1979). To be considered a wetland, this land must at 
least periodically support predominantly hydrophytes, must have a predominantly 
undrained hydric soil substrate, and must be saturated with water or covered by shallow 
water at some time during the growing season of each year. 
For hundreds of years, wetlands were regarded as wastelands and were best 
utilized if reclaimed by man (Niering, 1978). Even our literature makes reference to our 
wetlands as sinister and forbidding. Sir Arthur Conan Doyle (1979) in The Hound of the 
Baskervilles eluded to wetlands as "those green scummed pits and foul quagmires which 
barred the way to the stranger". Currently, even as wetlands continue to gain 
recognition as valuable ecosystems due to the multifaceted roles they play in water 
supply, flood control, as wildlife refuges and aesthetically pleasing areas, society still 
references wetlands in a vile and derogatory manner. Some familiar expressions include 
becoming "bogged" down or "swamped" with work. 
Wetlands have been drained for agriculture, converted to cranberry bogs or lakes, 
used as solid waste disposal sites, filled in for commercial development, bisected by 
highways, or altered in scores of other ways without any consideration of the 
1 
environmental effects of an alteration (Heeley, 1973). Currently, pressure for alteration 
of wetlands in Massachusetts has been increasing, particularly in rapidly expanding 
suburban areas. 
B. Purpose of Study 
During the end of the last major glaciation, (12,000 to 15,000 years before 
present), glacial ice had advanced as far south as northern New Jersey and northeastern 
Pennsylvania in the East and to southern Illinois in the midwest (Shepps, 1978; Stone and 
Boms, 1986). Over Amherst, Massachusetts, glacial ice was estimated to be 1500-1800 
meters thick. Many closed and restricted basins were produced by glacial erosion, 
deposition, or both. Preglacial stream courses had been rearranged in many places by 
glacial deposits and glacial drainage patterns. These new stream courses, which were 
conditioned by the particular configuration of the ice and glacial debris at the time of 
deposition, were not well integrated with regional drainage patterns. As a result of the 
above factor, an abundance of wetlands developed (Heeley, 1973). 
Properties that distinguish a wetland from an upland may not always be present 
throughout a given year. Further difficulties often arise in determining where an upland- 
wetland boundary should be placed. These difficulties are often compounded by the 
variability of an intermediate area known as the transition zone. The criteria used for 
wetland delineation are based upon a three tier system: 1) occurrence of hydrophytic 
vegetation, 2) presence of hydric soils, and 3) wetland hydrology (Federal Interagency 
Committee for Wetland Delineation, 1989). These criteria can be incorporated or used 
separately. For instance, Massachusetts and Rhode Island base their delineations solely 
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on the presence of hydrophytic vegetation while Connecticut uses soils to identify their 
freshwater wetlands. 
The hydrology of an area is often simple to measure; however, the hydrology may 
not always be readily apparent, especially during dry periods. Other methods such as 
an analysis of soil morphologic properties and/or the presence of wetland vegetation, are 
therefore used in wetland detection and delineation. Hydric soils of New England have 
been described and characterized by Tiner and Veneman (1987). A national list of 
hydric soils by series is also available (USDA-SCS, 1991). Furthermore, a list of 
wetland plant species with their respective indicator status, or their topographic position 
on the landscape, has been compiled at the national and regional levels by Reed (1988). 
Although technical criteria for hydric soils have been established (USDA-SCS, 
1991), additional research is necessary to evaluate the applicability of these criteria, in 
particular in regard to the so-called "problem soils". This study is focussed on problem 
soils as identified in the Federal Manual for Identification and Delineation of 
Jurisdictional Wetlands (Federal Interagency Committee for Wetland Delineation, 1989). 
These include evergreen forested wetlands, sandy soils, and spodosols. Efts Arrow, a 
forested hemlock swamp, and MacLeod Meadow, a wet meadow, both within The 
Lawrence Swamp-Hop Brook Basin of Amherst, Massachusetts, were selected on this 
basis. The Lawrence Swamp-Hop Brook Basin has an extensive history of research. 
Much of this work has been carried out by Motts and Heeley (1973), and Motts and 
O’Brien (1981) during the collection and analysis of hydrological data for the Town of 
Amherst, Massachusetts. 
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Soil reduction is the process by which the iron minerals in soils undergo changes 
from forms stable in an oxygenated system to ones stable in a reduced one. Since these 
iron minerals are the ones responsible for most of the pigmentation in a soil profile, the 
interpretation of their colors and relative amounts is important in determining how wet 
a soil is solely from its morphology. The primary purpose of this study is to evaluate 
the relationship between soil morphology including mottling, ferrous and ferric iron 
concentrations, and oxidizing and reducing conditions to long term hydrologic data and 
presence of hydrophytic vegetation, and to then develop regional soil morphological 
indicators of the seasonal high water table. 
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CHAPTER II 
OBJECTIVES 
The overall objective of this study is to correlate soil morphological indicators 
such as mottling including iron depletions and concentrations, with hydrological 
indicators (water table levels and frequency and duration of saturation) on soils formed 
on glacial lake beds. 
Specific objectives are: 
1) to determine soil moisture regimes in selected pedons formed on post¬ 
glacial lake bottom sediments, 
2) to measure selected physical and chemical soil properties, 
3) to assess the relationship between mottling including low chroma colors, 
and the frequency and duration of soil saturation, and 
4) to determine the vegetation present during the study period, interpret any 
seasonal (short term) or long term dominance changes, and relate these to 
the presence of hydromorphic soils and wetland hydrology. 
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CHAPTER III 
REVIEW OF LITERATURE 
A. Hydrology 
Permanent or periodic saturation are the driving forces behind wetland formation 
(Federal Interagency Committee for Wetland Delineation, 1989). Presence of water for 
a week or more during the growing season typically creates anaerobic conditions 
affecting the types of plants that grow and the types of soils that develop. Numerous 
factors influence the wetness of an area, including precipitation, stratigraphy, 
topography, soil permeability, and plant cover. All wetlands usually have at least a 
seasonal abundance of water. Of the three technical criteria used for wetland 
identification, wetland hydrology is often the least exact and most difficult to establish 
in the field due largely to annual, seasonal, and daily fluctuations (Federal Interagency 
Committee for Wetland Delineation, 1989). 
Winters in the Amherst, Massachusetts area are cold with an average winter 
temperature of -3.3°C and an average daily minimum temperature of -8.8°C. Summers 
are moderately warm with an average summer temperature of +20.5°C and occasional 
hot spells. In summer, the average daily maximum temperature is +27.2°C. Prevailing 
wind direction is from the west and the highest average wind speed occurs in January. 
Precipitation is fairly well distributed throughout the year and averages nearly 114 cm 
per year. Average yearly snowfall is 122 cm with at least 2.5 cm on the ground an 
average of 38 days per year (Geraghty and Miller, 1979). 
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About 50% of the precipitation that falls in the Lawrence Swamp basin is 
consumed by evapotranspiration (Motts, 1975). Precipitation falling within the 41-km2 
drainage basin is either discharged as surface runoff to Hop Brook, returns to the 
atmosphere through evapotranspiration, or infiltrates into the underlying aquifers to be 
eventually discharged as groundwater, the Lawrence Swamp basin is characterized by 
a shallow unconfined aquifer, a confining bed or beds of clay, silt, and fine sand 
deposited in Pleistocene or Post Pleistocene lakes, and a lower aquifer of moderate to 
high transmissivity (Motts and Heeley, 1973). The silt and clay confining beds of these 
wetlands in most cases effectively protect the artesian aquifer from both man induced and 
natural contamination of the surface aquifer. 
1. Hvdrogeologic Units 
The Lawrence Swamp basin consists of 5 major hydrogeologic units (Geraghty 
and Miller, 1979). These five units are broken down into both recharge areas and 
discharge areas. The major units of the recharge area consist of bedrock, till, and sand 
and gravel, whereas those of the discharge area consist of wetland and post glacial lake 
deposits. 
Bedrock beneath the sediments in The Lawrence Swamp-Hop Brook Basin 
consists of both crystalline and sedimentary rocks of the Paleozoic and Mesozoic age. 
This bedrock accounts for the slow movement and recharge of water through fractures 
in the rock and also accounts for the high concentration of iron and manganese in the 
water in the central part of the basin (Geraghty and Miller, 1979). 
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Above this bedrock, distributed throughout most of the basin is a relatively thin 
sheet of glacial diamicton. Geraghty and Miller (1979) reported that this glacial 
diamicton had a low infiltrative capacity and accounted for the slow water movement 
throughout the basin. Next, as the ice margin sat near what is now South Amherst, 
Massachusetts, glacialfluvial sediment, including kame deltas and kame terraces, was 
deposited across the basin. This glacialfluvial sediment provides the high water yielding 
capacity of the artesian aquifer. At the edges of the glacial lake, recharge areas 
developed in areas where stratified drift was surficially exposed, allowing precipitation 
to easily infiltrate. Interstratified fine silt and clay beds of glacial Lake Hitchcock are 
found above this stratified drift. Wind-blown alluvial sand, and gravel, both of which 
were deposited after the final draining of Lake Hitchcock, can be found just above these 
stratified silt and clay beds. 
Rhythmically bedded clay forms the major controlling unit in the hydrologic 
behavior of Lawrence Swamp. Motts (1983) reported that the upper clay zone above the 
artesian aquifer, consisted of highly plastic, poorly permeable clay of generally a grey 
to green and blue to brown color, yet in some places, it was characterized by reddish 
streaks. The clay effectively prevents movement of water from the shallow surface 
aquifer into the artesian aquifer throughout most of Lawrence Swamp except at the 
swamp margin. This rhythmically bedded clay is generally thinner and more irregular 
at the edge of Lawrence Swamp, and thicker in the center where the waters of glacial 
Lake Hitchcock were last to evacuate. 
Similarly, sediments of the shallow aquifer are thinnest along the margins and 
thickest within the center of the Lawrence Swamp basin (Geraghty and Miller, 1979). 
The shallow surface aquifer obtains recharge either from precipitation, from the artesian 
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aquifer when the potentiometric surface of the shallow aquifer is lower, and/or from Hop 
Brook, a stream that drains into the Lawrence Swamp basin, when its level is higher than 
the potentiometric surface of the shallow aquifer. Tests by Geraghty and Miller (1979) 
in November 1979 showed that along portions of the swamp margin, the shallow aquifer 
is recharging the artesian aquifer whereas in the central portion of the swamp, the 
artesian aquifer is very slowly recharging the shallow aquifer. Fig. 1 shows a typical 
cross section (A - A’) through The Lawrence Swamp-Hop Brook Basin. 
Unconsolidated deposits of glacial origin overlay the bedrock formation 
throughout much of the basin. These deposits can be classified as either glacial 
diamicton, an unsorted mixture of boulders, gravel, sand, silt, and clay laid down 
directly by glacial ice, or glacialfluvial sediment, which is a sorted and stratified deposit 
of gravel, sand, silt, or clay transported by glacial meltwater streams. Glacialfluvial 
sediments in the basin can be further divided into a coarse-grained phase, consisting 
predominantly of sand and gravel laid down by swift moving streams in the form of 
kame terraces and outwash plains, and a fine-grained phase consisting of clay and silt 
laid down in the relatively low energy environment of a glacial lake. 
The confined aquifer is found under the confining unit and rests on bedrock. It 
consists of fine to coarse sand with layers of gravel. The water table aquifer and the 
confined aquifer are in direct contact near the margin of the Lawrence Swamp basin 
where the confining unit ends. In the area of Goodell Street in Belchertown, MA, (see 
Fig. 2.) the confined aquifer reaches its greatest thickness of over 31 m (Geraghty and 
Miller, 1979). From here, the aquifer apparently continues beyond the boundary of the 
basin. The groundwater system is continuously striving to maintain a dynamic balance 
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Figure 2. Topographic map (Belchertown quadrangle) of the Lawrence Swamp- 
Hop Brook Basin indicating the location of the study sites and the 
Lawrence Swamp cross section (see Fig. 1.). MAO 10 locates Efts 
Arrow and MA011 is MacLeod Meadow. 
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where inflow equals outflow. When inflow suddenly increases, there will be a temporary 
increase in the systems storage or a rise in the wetland’s groundwater table. This occurs 
until outflow adjusts and storage will temporarily decrease (a decline in the wetland’s 
groundwater table). 
Geraghty and Miller (1979) reported that the confining unit of rhythmically 
bedded silt and clay exceeds 31 m in thickness along the center of the swamp. Areas of 
greatest thickness occur south of Station Road between Baby Carriage Brook and 
Montague Brook, and north of Station Road to the Brickyard Well Field. The 
rhythmically bedded deposits of interwoven sand, silt, and clay that make up the 
confining unit become thinner as one approaches the margins of the swamp. 
Surficial sand and gravel occupy 12.3 km2 of the Hop Brook Basin while bedrock 
and till-mantled bedrock occupy 17.3 km2. These are the recharge areas for groundwater 
entering the principal aquifer. The remaining 11.4 km2 of basin is a discharge area for 
the principal aquifer. Groundwater from the confined aquifer eventually discharges 
upward through the intervening confining unit and into Hop Brook (Geraghty and Miller, 
1979). 
The groundwater table aquifer that occurs throughout most of the Lawrence 
Swamp basin supports the swamp’s vegetation and provides baseflow or groundwater 
discharge to Hop Brook and other streams flowing through the swamp. This process 
maintains a constant stream flow between runoff producing precipitation events and leads 
to a uniform streamflow throughout the year. This surface unit consists primarily of 
sand and gravel, is moderately permeable, and is thinnest near the center of the swamp 
while thickest towards the swamp margin. 
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2. Hvdrochemical Characteristics 
Motts (1983) reported that high ferromanganese concentrations occurred in both 
the artesian and shallow aquifer system of the Lawrence Swamp basin. In the artesian 
aquifer, ferromanganese concentrations occur erratically, but generally increase in 
quantity from the swamp margin to its center. These concentrations are derived from 
deep water circulating through the bedrock and upward into the aquifer. Groundwater 
that moves through the bedrock is able to dissolve large quantities of iron due to an 
abundant source of iron bearing minerals that occur in the bedrock of this basin. The 
slightly reducing (low Eh) conditions of the bedrock water, and the very slow rate of 
water movement in the deeper parts of the bedrock also contribute to high iron 
concentrations. 
Motts (1983) also reported that groundwater with lower concentrations of iron and 
manganese occurs in the surface aquifer above the restrictive rhythmically bedded clay 
zone. High ferromanganese concentrations here may be generated by the high organic 
matter content of the Lawrence Swamp wetland. Swamp water with a low oxygen 
content and a low Eh produces conditions which reduce ferric iron to ferrous iron. 
It is important to note that encroachment of this wetland through alteration or 
destruction may cause iron and manganese to travel from the surface aquifer into the 
artesian aquifer. The lowering of the artesian head when all drinking water pumps are 
pumping may also cause an increase in shallow aquifer leakage into the artesian aquifer. 
This increase is greatest around the edges of the swamp where the clay is thinnest. 
Large leakage not only would cause excessive dewatering of the surface aquifer and 
13 
severe impairment of the wetlands functions and values, but also would cause significant 
iron and manganese pollution in the artesian aquifer (Geraghty and Miller, 1979). 
Groundwater within the surface aquifer is very important because it supports and 
sustains the flora of the Lawrence Swamp basin, is responsible for the complex ecology 
of the Lawrence Swamp basin, and controls in part the flow regime of Hop Brook. The 
Lawrence Swamp aquifer system exhibits natural climatic stresses during drought, 
summer low flow, and high evapotranspiration periods. Current and future increased 
diversion (pumping) of water from the aquifer system and an increase in building and 
development on the recharge areas also inflict stresses upon the aquifer system (Motts, 
1983). 
3. Surface Drainage System 
The Lawrence Swamp is a broad flat plain generally occupying the southwest 
portion of its drainage basin with elevation ranging from 76 m above sea level near 
Federal Street to 49 m above sea level where Hop Brook exits the basin. Most of 
Lawrence Swamp proper is at an elevation 61 m above sea level or lower (see Fig. 2.). 
Hop Brook is the major surface drainage pathway for the basin. It is formed by two 
tributaries, Holland Glen and Scarboro Brook, which join in Belchertown at 61 m above 
sea level. 
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B. Soils 
1. Iron 
Iron is the fourth most abundant mineral in the earth’s crust. It is a component 
of virtually all types of rocks and represents about 5% of the crust’s weight (Wedepohl, 
1971; Lepp, 1975). Iron is an essential element of virtually all organisms, and there are 
several ways in which the biota interact with iron (Nealson, 1983). Though possibly 
insignificant on a global scale, these interactions may be extremely important to the 
biota. Environments exist in which iron cycles rapidly. A prerequisite for such an 
environment seems to be the presence of a reduced or semianaerobic zone (Nealson, 
1983). An increase in temperature, input of readily oxidizable organic matter or a surge 
in bacteria actually could all cause a more rapid consumption of oxygen and trigger the 
onset of anaerobic conditions (Bouma, 1983). 
In the absence of oxygen in the waterlogged soil, nitrate is utilized by facultative 
anaerobes and is reduced to NO or N20, which escapes into the atmosphere. Nitrate 
reduction is followed by the reduction of Mn4+ to Mn2+. The next oxidative compound 
to follow the sequence of reduction is Fe3+ to Fe2+. This process, carried out by 
facultative anaerobes is not reactive as long as oxygen or N03 is present (Mohanty and 
Dash, 1982). In their investigation into the rice soils of India, Mohanty (1969) reported 
that reduction of Fe3+ started before the complete reduction of Mn4+ and that after 10 
days of submergence, both iron and manganese appeared in the soil solution. 
Under waterlogged field conditions, Ignatieff (1941) reported that a large quantity 
of ferrous iron was produced rapidly after an initial lag time of 2 to 3 days. This ferrous 
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iron became readily oxidized when the aeration of the soil was improved. In most 
oxygen containing waters, it is predicted that iron will be predominantly oxidized and 
maintained at very low levels. In fact, natural waters commonly contain from 0.1 mg/ml 
to 0.7 mg/L of iron (Wedepohl, 1971). In low active iron and manganese soils that 
supported rice in the Tungabhadra Region of India, complete reduction of iron and 
manganese was obtained in 15 to 30 days of waterlogging by Jayaram and Nayar (1972). 
Within rice soils of high active iron and manganese, the process occurred even earlier 
(Mohanty and Dash, 1982). 
Iron oxidation is usually rapid and is sensitive to pH and oxygen concentration. 
Once oxidized to the ferric state, iron has a tendency to hydrolyse, so that ferrous iron 
is maintained at very low levels (Spiro and Saltman, 1969; Neilands, 1977; Raymond and 
Carrano, 1979). 
Oxidizing and reducing conditions in soils are often distinguished by the oxidation 
state of secondary forms of iron (Childs, 1981). Childs (1981) reported that, in soils 
obtained from the Soil Bureau Campus in New Zealand, a change from oxidizing 
conditions to reducing conditions was evidenced by a color change from red/brown to 
grey which marked the reduction of ferric ions in ferric oxides and hydrous oxides to 
soluble ferrous species. The presence of ferrous ions, on exchange sites or in water 
soluble forms, thus indicates when reducing conditions are present. This may depend 
on the soil’s degree of saturation as well as organic matter content and is important in 
soil genesis and classification. The chemical behavior of iron, manganese and their 
predominant chemical species is controlled by the pH, redox potential, and the kind and 
concentration of other chemical species. The predominant chemical species of iron and 
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manganese can be predicted from stability diagrams (Collins and Buol, 1970; Olomu et 
al., 1973; Stumm and Morgan, 1981; Drever, 1982). Lowering the Eh or pH of an 
environment also helps to reduce ferric iron to ferrous iron. 
Geraghty and Miller (1979) reported iron concentrations of 3 mg/L and 
manganese concentrations of 0.7 mg/L in the surface aquifer of the Lawrence Swamp 
basin. This is significantly different from the standard iron value of 0.3 mg/L and the 
standard manganese value of 0.05 mg/L for natural waters. 
2. Microbial Activity 
Microbes play an important role in many iron transformations. Microbial iron 
interactions can be grouped into three categories including iron scavenging or uptake, 
iron oxidation or precipitation, and iron reduction or solubilization. Many bacteria that 
either oxidize iron, reduce iron, or accumulate iron oxides are referred to as iron bacteria 
(Nealson, 1983). 
The acidophilic or acid tolerant forms of these bacteria are the only group 
unequivocally shown to oxidize ferrous iron to ferric iron (Nealson, 1983). Among the 
acidophiles, the most thoroughly studied organism is Thiobacillus ferrooxidans. 
Thiobacillus ferrooxidans proceed most readily at a pH of between 2.0 and 4.5 with an 
optimal range of between 2.5 and 3.5. This range indicates that they will be active in 
acidic soils (Alexander, 1977). Iron oxidation itself produces soluble ferric iron which 
is stable in the acidic environment in which the bacteria thrive, but as the dissolved iron 
moves downstream or into higher pH environments, precipitation occurs. 
Recent work indicates that these iron bacteria are found most commonly in 
specialized local environments. Whether or not oxygen is the determining factor in their 
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presence in these local environments is unknown (Ghiorse et al., 1980). However, in 
many anaerobic zones, iron reduction and mobilization occurs. These include zones such 
as stratified environments in which organic input is sufficient to allow for the depletion 
of oxygen (Kuznetsov, 1970). Almost without exception, such zones are established as 
the result of microbial activities. 
In well-drained soils, iron will occur in the oxidation state and only small amounts 
of ferrous iron will be found. When the soil becomes waterlogged or otherwise 
anaerobic, its ferrous iron content rapidly rises. This process is almost entirely the result 
of biological agencies as little or no change occurs in sterile waterlogged soil. The 
depletion of oxygen as a consequence of microbial metabolism will tend to lower the Eh 
and lead to rapid ferric iron reduction. During the period immediately following 
flooding, when the oxidation status of the poorly drained soil is improved, a reversion 
of ferrous iron back to the ferric state occurs (Alexander, 1977). In experiments where 
microbial growth was inhibited with poisons, the reduction and restratification of iron in 
homogenized sediment samples did not occur (Troshanov, 1965). Recent studies of 
marine sediments (Sorenson, 1982) and a stratified lake (Jones et al., 1983) concluded 
that iron reduction was strongly influenced by bacteria. 
3. Mottling 
Several methods are available to identify aquic moisture regimes in soils. One 
method involves long term in situ monitoring of groundwater levels. In another method, 
the soil matric potential is measured in association with measurements of the soil redox 
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potential and/or soil water dissolved oxygen levels (Daniels et al., 1973). These methods 
are quantitative, yet time consuming and labor intensive. A more common method is to 
infer the occurrence of saturation and reduction from the presence of redoximorphic 
features as indicated by low (two or less) chroma mottles along ped surfaces (Veneman 
and Pickering, 1983). Characterization of mottling phenomena frequently is a requisite 
for soil classification and soil survey interpretation (see Table 1.). The presence, 
absence, and nature of these mottles have become a key morphological feature for the 
inference of soil drainage and hydric soil conditions (Tiner and Veneman, 1989). In 
hydric mineral soils, the low chroma subsoil colors and thick, dark colored surface layers 
are the best indicators of current wetness. Orange colored mottles in the soil are very 
insoluble and once formed may remain indefinitely as relict mottles (Diers and Anderson, 
1984). Oxygenation of soil water may modify the effect of saturation on soil color 
patterns. Soils that are saturated, but oxidized, will not develop colors with chromas of 
two or less. 
Periodic soil saturation may result in reduction followed by oxidation when the 
soil becomes unsaturated. Reduction and removal of reduced compounds results in 
gleying characterized by low chroma colors. Veneman et al. (1976) reported that the 
occurrence of high chroma colors inside peds, ped mangans, and iron cutans on a 
Wisconsin toposequence was associated with very short periods of saturation (less than 
1 day). Occurrence of 2 chromas inside peds, ped ferrans and neoferrans, and a few 
manganese cutans or nodules were associated with short periods of saturation not 
exceeding a few days (Veneman et al., 1976). Occurrence of chromas of one inside 
peds, ped and channel neoalbans and lack of manganese cutans or nodules was associated 
19 
Table 1. Characterization of mottle colors and components (adapted from 
Brewer, 1976). 
CUTAN COLORS COMPONENTS 
Sesquan red, yellow, green, blue sesquioxides, hydroxides 
Mangan dark brown, black manganese oxides 
Skeletans translucent skeleton grains 
Argillans white, grey clay 
Ferriargillans red, yellow, green, blue clay, sesquioxides 
Organoargillans grey, dark grey clay, organic matter 
Albans creamy white, grey nonpresence of iron, 
organic matter, or other 
material 
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with periods of continuous saturation for several months (Veneman et al., 1976). 
Occurrence of mottling has been directly associated with depth to water table (Daniels 
et al., 1971; Guthrie and Hajek, 1979). 
Veneman et al. (1976) reported that iron migrates with clay during interhorizon 
translocation. Iron and manganese may be removed from ped edges and carried to the 
ped centers by oxygen depleted water. When the water in the macropores is moving by 
saturated flow through interpedal voids, some water may be drawn into the peds because 
of the higher matric potential caused by drier ped interiors. This type of interhorizon 
translocation occurs in sites with alternating periods of oxidizing and reducing conditions 
created by fluctuating groundwater tables and accounts for mottles in somewhat poorly 
drained and poorly drained pedons. Additionally, Veneman et al. (1976) suggested that 
the movement of water from macropores into soil micropores accounts for the maximum 
accumulation of iron concretions at somewhat poorly drained and poorly drained sites. 
Movement of this amorphous iron is a two step process. Initially, interhorizon 
translocation from the surface to the lower solum occurs and then intrahorizon 
movement, in which iron moves into the peds first at all sites and second only at 
somewhat poorly drained and poorly drained sites. At very poorly drained sites, on 
initial wetting after a dry period, the lining of the macropores becomes reduced by the 
impact of organically enriched water and the iron is transported inward creating an 
interior corona of yellowish and reddish brown hues. Iron translocates from the upper 
to lower solum along with clay and probably as clay particulates and coatings on layer 
lattice clay. In well-drained soils, iron remains in the clay fraction and is more 
crystalline. In somewhat poorly drained soils, alban lined macropores and ped interiors 
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become reddish brown in color as a result of enrichment in iron. In very poorly drained 
soils, the red brown color shifts from the ped centers to the exteriors. In this scenario, 
ferrous iron may be abundant, gley colors may develop, and concretions may occur in 
the linings of macropores (Veneman et al., 1976). 
Hydrated ferric oxides are the pigments of the mottles in gley soils, lepidocrocite 
being present in the brown or orange mottles and goethite being present in other mottles. 
It is suggested that the rate of oxidation decides whether lepidocrocite or goethite is 
formed, slow oxidation favoring lepidocrocite (Brown, 1954). 
In four Ontario gleysols, Crown and Hoffman (1970) noted trends toward more 
diffuse boundaries and increases in mottle size and abundance with increased duration of 
saturation. Horizontal banding of mottles occurred in those horizons having the highest 
frequency of groundwater table fluctuations. This also may have resulted from textural 
differences in the stratified soil material. Crown and Hoffman (1970) reported that 
vertical streak mottles occurred in soils where the groundwater table fluctuated once 
during the measuring period. Mottles in horizons permanently saturated were coarse 
(blotches), while those in rarely saturated horizons were fine (spots). Form and 
boundary characteristics of mottles might prove useful in quantitative investigations of 
the moisture status of soils. 
Simonson and Boersma (1972) used mottling features in the Pacific Northwest to 
define drainage conditions. They correlated faint and distinct mottling with the presence 
of the groundwater table and noted a consistent increase in the size and abundance of iron 
and manganese concretions with poorer drainage conditions. Faint mottling occurred in 
soils submerged an average of 73% to 90% of the time, while distinct mottling occurred 
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in soils submerged an average of greater than 93% of the time. Relative depth at which 
waterlogging occurs in the profile has a strong influence on the formation of mottles. 
Richardson and Hole (1979) reported that on a Glossboralf-Haplaquoll hydrosequence in 
northwestern Wisconsin, maximum iron concretions occurred in the somewhat poorly 
drained soils with alternating oxidizing and reducing conditions, but fewer concretions 
were found in the very poorly drained soils. Schwertmann and Fanning (1976) 
concluded that optimal concretion formation occurred in loess soils of Bavaria which 
experienced rapid changes in aeration and concordant fluctuations of redox potential. 
Unlike well-drained soils, which owe their brown colors to a higher and more uniformly 
distributed iron content, the iron compounds of wetter soils are more unstable and more 
mobile due to reducing conditions (Fanning et al., 1973). 
Location of ferrans and mangans are an important feature when interpreting soil 
forming processes (Vepraskas et al., 1974). Ferrans and mangans that border large voids 
indicate that these voids are mostly filled with air (Vepraskas et al., 1974). Low chroma 
mottles inside peds are not necessarily associated with long periods of saturation within 
the entire horizon. It may be that just the fine porous interior of the peds was saturated 
or close to saturation for some time. In an experiment by Vepraskas and Bouma (1976), 
two soil cores were allowed to be permanently moist but unsaturated. The resultant 
mottles were ped mangans. These two cores were then saturated for three weeks and 
later drained for one week. The resultant mottles now were channel neoalbans and 
quasimangans with manganese being the primary mottle forming element. 
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4. Nodules and Concretions 
Iron and manganese in suspension are sometimes segregated as oxides into 
concretions or soft masses. Concretions are local concentrations of chemical compounds, 
e.g. iron oxide, in the form of a grain or nodule of varying size, shape, hardness and 
color (Soil Survey Staff, 1993). Manganese concretions are usually black or dark brown 
while iron concretions are usually yellow, orange or reddish brown. Reduction and 
solution of iron is often exemplified in the surface of soil aggregates. When the soil is 
saturated, the iron in solution is carried into the center of these aggregates. When the 
aggregate surface dries, oxygen diffuses into the aggregate and precipitates the iron as 
an hydroxide. Nodules form if the oxygen diffuses rapidly into the aggregate. Mottles 
form if diffusion is slow enough for the dissolved iron to diffuse back toward the 
aggregate surface (Thomasson and Bullock, 1975). 
Schwertmann and Fanning (1976) reported that nodules in humid temperate 
climates typically occur in hydromorphic soils, particularly in soils with impeded internal 
drainage. In soils with restricted drainage, maximum concentrations of sesquioxides in 
the form of mottles, sesquans, nodules, and petroferric materials generally occur near the 
depth of the upper boundary of the fluctuating groundwater table (Guthrie and Hajek, 
1979; Hassain and Swindale, 1974). These iron and manganese concretions are usually 
mobilized by reduction and then concentrated when the soil environment becomes more 
oxidized during subsequent drying cycles. Mobile Fe2+ and Mn2+ ions diffuse upward 
from reduced zones in response to a concentration gradient and precipitate as relatively 
insoluble oxides or oxyhydroxides in the capillary fringe above the groundwater table 
(Harmsen and Van Breeman, 1975; Schlicting, 1973). Under the combined influence of 
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transient perched water table and a leaching regime, manganese compounds commonly 
accumulate below’ the zone of iron immobilization. Their absence in deep horizons of 
hydromorphic soils may be attributed to continuous moist conditions, which retard the 
dehydration and crystallization of iron or result in the complete translocation of the 
mobile forms from the solum (Mitsuchi. 1976. Schwertmann and Fanning, 1976). 
Reduction of Fe3' oxides and oxyhydroxides to Fe2~, along with an increase in alkalinity, 
results in a pH rise, especially in initially acidic soils (Ponnamperuma, 1972). 
Organic matter may move downward through some sandy soils and may 
accumulate at a point representing the most commonly occurring depth to the 
groundwater table. This organic matter may become slightly cemented with aluminum 
and result in a spodic horizon occurring at depths between 30 cm and 75 cm below the 
mineral surface (Federal Interagency Committee for Wetland Delineation, 1989). The 
higher production of organic compounds under spruce and other evergreens leads to an 
increase in aluminum concretions. The maximum distribution of concretions occurs in 
the upper 50 cm of this soil. This maximum depth appears to come closer to the ground 
surface wdth an increase in soil wetness. Concretions of better drained soils were rusty 
colored with a blackish interior, irregular in shape and medium in hardness. In the 
gleyed soil, blackish, well rounded and hard concretions prevailed in the upper solum, 
while the lower solum was similar to the drier soil (Schwertmann and Fanning, 1976). 
The maximum amount of concretion formation should occur in soils with a medium to 
low air volume (Blume and Schwertmann, 1969). Periodic wetting and drying appear 
to be essential for the concretion formation process whereas more permanent wetness 
leads to mottling or even the complete loss of iron and manganese from the system. This 
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explains why maximum concentrations of nodules are always found above the depth of 
maximum mottle development (Schwertmann and Fanning, 1976). 
In the upper horizons of surface water gley soils, the nodules may be diffuse or 
sharp. Fine dark colored spherical iron and manganese nodules often with a concentric 
fabric are typical for the eluvial and illuvial horizons. In very wet conditions, large dark 
brown nodules occur in a light colored ped whereas small irregular nodules seem to 
occur in less wet soils (Blumel, 1962). Oxidized channels or rhizospheres are associated 
with living roots and rhizomes. Hydrophytic plants are able to survive saturated 
conditions, often a reducing environment, because they can transport oxygen to their root 
zone. Iron oxide concretions, orange or reddish brown in color, that are formed along 
the channels of living roots and rhizomes can be noted as evidence of soil saturation and 
anaerobic conditions for a significant period of time during the growing season (Federal 
Interagency Committee for Wetland Delineation, 1989). 
Parker (1988) reported that 2-mm concretions, occurring at or near the surface, 
provide evidence that the soils are saturated for long periods near the soil surface. Many 
other morphological features infer the degree of saturation. Iron and manganese nodules 
form in zones of groundwater table fluctuation by oxidation reduction processes with 
nodule size and abundance increasing with increasing duration of saturation 
(Schwertmann and Fanning, 1976). Even less conspicuous, yet as important, are the 
cutans, or coatings of iron and manganese, which have been related to saturation and iron 
reduction by Veneman et al. (1976). Vepraskas and Bouma (1976) identified neoalbans 
and quasiferrans as indicative of saturation and iron reduction in an Aquoll in Wisconsin. 
Many other forms of nodules and mottles exist. Neoskeletans, a grayish coating 
of sand and silt separates, can be found along ped surfaces and root channels (Vepraskas 
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and Wilding, 1983). The sharp boundaries and protruding grains indicate that portions 
of some nodule surfaces have dissolved. It may be noted that such nodules predate the 
formation of the neoskeletans because of the drastically different microenvironments and 
the fact that nodules would not form in zones of iron loss. Skeletans include illuvial sand 
and silt that grow from the void surface out into the void. Neoskeletans grow from the 
void surface into the ped as a result of eluviation of clay and free iron (Yepraskas and 
Wilding. 1983). 
5. Gleving 
The duration and depth of soil saturation are essential criteria for identifying 
hydric soils and wetlands (Federal Interagency Committee for Wetland Delineation. 
1989). Soil morphological features are commonly used to indicate long term soil 
moisture regimes (Bouma, 1983). The wo most widely recognized morphological 
features that reflect wetness in mineral soils are gleving and mottling (Federal 
Interagency Committee for Wetland Delineation, 1989). Gleyed soils are soils that have 
chromas of two or less due to prolonged wemess. 
In his laboratory analysis of Putnam clay, Albrecht (1941) discussed the role of 
calcium saturation and anaerobic bacteria in gleving and this seems to be the fust 
reference to a microbiological cause of gleving. Evans and Franzmeier (1988), in their 
work on Indiana soils, suggested that below +5°C, very little biological activity exists, 
and this temperature has been called biologic zero. Several conditions must prevail in 
order for saturation and subsequent aeration to affect soil color. First, iron oxide 
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minerals and microorganisms must be present in the soil. Next, soil temperatures must 
be high enough for microorganisms to be active. Finally, an energy source for the 
microorganisms, usually soil organic matter, must be available (Evans and Franzmeier, 
1988) . 
Prolonged saturation of mineral soil converts iron from its oxidized (ferric) form 
to its reduced (ferrous) state (Federal Interagency Committee for Wetland Delineation, 
1989) . These reduced compounds may be completely removed from the soil, resulting 
in gleying (Veneman et al., 1976). The color of the gleyed zone is attributed to ferrous 
sulfide which is produced under anaerobiosis by the reaction of the end products of the 
microbial reduction of sulfate and iron. A change from oxidizing conditions to reducing 
conditions in a soil is usually evidenced by a color change from red-brown to grey which 
marks the reduction of ferric ions in ferric oxides and hydrous oxides to soluble ferrous 
species. Most hydric mineral soils, in response to forming in an anaerobic environment, 
develop characteristic gleying or mottling (Tiner and Veneman, 1989). 
Mineral soils that are always saturated are uniformly gleyed throughout the 
saturated area. Soils gleyed to the surface layer are hydric soils. These soils often show 
evidence of oxidizing conditions only along root channels (Federal Interagency 
Committee for Wetland Delineation, 1989). Some non-hydric soils have E horizons 
immediately below the surface layer that are gray because of leaching due to organic 
acids, rather than saturation. These soils often have brighter, brownish or reddish layers 
below the gray and can be recognized as non-hydric on that basis (Federal Interagency 
Committee for Wetland Delineation, 1989). Gley soils are influenced by the degree of 
wetness, the difference in climate, parent material, vegetation, and the degree of its 
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maturity. If the soil conditions are such that free oxygen is present, organic matter is 
absent, or temperatures are too low, gleization will not proceed, and mottles will not 
form, even though the soil may be saturated for prolonged periods of time (Diers and 
Anderson, 1984). 
Veneman et al. (1976) observed gleyed horizons in somewhat poorly drained, 
fine-textured soils in Wisconsin and noted that reducing conditions still persisted within 
peds even after recession of the groundwater table. The occurrence of ferrans on the 
walls of larger voids and channels was symptomatic of this situation as soluble iron 
species migrated from ped interiors to exteriors where they concentrated as oxides. In 
his work on gleyed soils in Lancashire at the Rothamsted Experiment Station, Bloomfield 
(1952) reported that ferrous organic complexes formed by plant fermentation products 
may be sorbed onto clay minerals. This would mean that the whole soil had been gleyed 
and that the brown mottled patches were formed by precipitation of ferric oxide on the 
grey substrate and not on the original ungleyed soil. Blume and Schwertmann (1969), 
working with gray-brown podzolic soils, reported that in pseudogleyed horizons, 
considerable amounts of iron and smaller amounts of aluminum are accumulated within 
mottles and concretions. These soil morphological properties can be useful and reliable 
field indicators of long term wetness. Moreover, colors associated with these properties 
can usually be readily observed in the field (Veneman and Tiner, 1990). 
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6. Redox Potential 
An indication of the oxidation and reduction states of soils is given by the 
oxidation-reduction or redox potential (Eh). It provides a measure of the tendency of a 
svstem to oxidize or reduce chemicals and is usually measured in volts or millivolts. If 
it is positive and high, oxidizing conditions exist. If it is low or even negative, elements 
are found in reduced forms (Brady, 1984). Quispel (1947) noted the significance of in 
situ redox potential measurements to study oxidizing and reducing conditions in the field. 
Redox potential measurements are most reliable in an oxygen poor environments (Bohn, 
1971). which is also the condition most significant for soil mottling studies. The amount 
of oxvgen that a given volume of water will hold in equilibrium decreases as the 
temperature increases. Shortage of oxygen can also prevail in water which contains a 
large amount of decaving animal and plant material. This is due to the fact that 
microbial decomposition uses up much of the oxygen present (Brown. 1971). Redox 
potential values are reported relative to the standard Hydrogen electrode by adding the 
appropriate conversion factor as a function of temperature (Baver et al., 1979). 
Mohanty (1969) reported that the most striking change in the physiochemical 
properties of waterlogged soils is the decrease in redox potential. The values fall sharply 
as a result of flooding and continue until they reach a minimum value. Mukheijee and 
Basu (1971), in their work on soils of India, reported a gradual decrease in redox 
potential due to waterlogging and these values decreased with increasing soil depth. 
Mohanty and Patnaik (1975), while working on 20 different types of rice soils collected 
from all over India, obtained minimum Eh values which sometimes reached negati\e 
potentials within 10 days of waterlogging. Pal et al. (1979, 1980), in their investigation 
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of alluvial soils in Cuttack, India, reported the decrease in redox potential to be 
continuous with time of flooding. The decline in redox potential seemed to occur more 
frequently in soils having higher concentrations of organic matter and iron (Mohanty and 
Patnaik. 1975). When the diffusion of oxygen throughout the soil was limited by 
increasing moisture contents, the redox potential dropped and compounds containing iron 
and manganese became reduced (Bohn, 1971; Gotoh and Patrick, 1974). 
Meek and Grass (1975), during their investigation of irrigated desert soils, noticed 
a relationship between oxygen content of the soil/air and redox potential or Eh value. 
In a well-drained soil, the Eh value ranges from +400 mV to +700 mV. As the air 
content is lowered and gaseous oxygen is depleted, the Eh values decline to a level of 
about +300 mV to +350 mV. At even lower Eh levels, the oxygen dissolved in the soil 
water is used by the microbes for microbial metabolism. Under continuous waterlogged 
conditions, the Eh may be lowered to as low as -400 mV (Meek and Grass, 1975). 
According to Turner and Patrick (1968), iron was reduced in four silty clay Louisiana 
soils at redox potentials less than +420 mV (pH 5.5). For redox potentials greater than 
+420 mV, it was assumed that dissolved oxygen was still present, that iron had not yet 
been reduced, and that the soil was still aerobic at the depth considered. 
Table 2 shows oxidized and reduced forms of several elements of importance in 
soils tosether with the approximate redox potentials at which the oxidation-reduction 
reaction occurs. The Eh value varies with the specific chemical to be oxidized or 
reduced. This data, obtained by Patrick and Reddy (1978) during their investigation of 
chemical changes in rice soils, emphasizes the very close relationship between soil 
aeration and the change in chemical speciation. 
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Table 2. Oxidation and reduction states of commonly occurring minerals 
(adapted from Patrick and Reddy, 1978). 
Oxidized Form Reduced Form Transition Eh (mV) 
02 H20 +380 to +320 
N03- n2 +280 to +220 
Mn4+ Mn2+ +280 to +220 
Fe Fe2+ +180 to +150 
(so4)2- s2- -120 to -180 
co2 ch4 -200 to -280 
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Reduction in soils is essentially a biologic process (Jenny. 1980). When free 
oxysen is available, aerobic microbes utilize it in their respiration process. This oxygen 
sen es as the electron acceptor when organisms convert 0; to CO:. When the supply of 
oxvsen in the soil is depleted, anaerobic organisms take over and dehydrogenate soil 
organic matter (Evans and Franzmeier. 1988). It is possible in soils with different 
contents of organic matter for the intensity of the oxidative processes to vary (Ignatieff. 
1941). The electrons that are produced are donated to Mn'~. Fe'_. and (SO^ which are 
then reduced to Mir*, Fe2'. and S in that order (Jenny. 1980). However, when the 
temperature drops, the activity of soil organisms slows down or stops, and reduction 
decreases. 
Alexander (1977) reported that microorganisms are able to alter the redox 
potential of their surroundings. Bacteria and fungi produce acids such as carbonic acid, 
nitric acid, sulfuric acid, and organic acids. An increase in acidity in these environments 
thus tends to bring iron into solution. A decrease in redox potential also may lead to the 
formation of the more soluble ferrous iron. Much more imensive reducing conditions 
or low Eh will be necessary to reduce iron and manganese in alkaline soils as compared 
with acidic soils (Collins and Buol, 1970: Gotoh and Patrick. 1974). 
Smdies by Evans and Franzmeier (1986) showed that seasonal high water tables 
often are higher than described in published soil surveys and in soil interpretation 
records. Soil color patterns are related to saturation and aeration because redox reactions 
involving iron compounds regulate the distribution and form of iron throughout the 
profile. 
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7. Soil Temperature 
Hillel (1982) described soil temperature as an important factor in determining the 
rates and directions of soil physical processes, such as energy and mass exchange with 
the atmosphere. Temperature governs the types and rates of chemical reactions which 
take place in soil and strongly influences biological processes. The radiant, thermal, and 
latent energy exchange from the sun takes place at the soil surface. Pertinent soil 
parameters include the specific heat capacity, thermal conductivity, and thermal 
diffusivity. These are all strongly affected by bulk density and wetness as well as the 
internal sources and sinks of heat (Hillel, 1982). 
The soil temperature depends on the ratio of the energy absorbed to the energy 
lost. The constant change in this relationship is reflected seasonally, monthly, and daily. 
The mean annual soil temperature (MAST) can be characterized at the depth at which it 
is constant throughout the year (Carter and Ciolkosz, 1980). This point usually lies well 
below the soil surface and the maximum depth of soil development (Smith et al., 1964). 
Below this point, the soil temperature is controlled by geothermal heat coming from 
within the earth. Above this point, variations in the earth’s weather influence the soil 
temperature. Smith et al. (1964) proposed that the mean annual soil temperature 
(MAST) could be estimated by averaging four seasonal measurements taken at 50 cm 
below the soil surface on the 15th day of January, April, July and October. Smith et al. 
(1964) also proposed that the mean annual soil temperature (MAST) could be estimated 
by adding 1°C to the mean annual air temperature at that location. Cold air drains into 
lower landscape positions during the fall and winter seasons, causing the soil 
temperatures to be lower than expected while more solar radiation infiltrates during the 
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summer making the soil warmer during this part of the year. Smith et al. (1964) 
recorded an average difference in the mean annual soil temperature (MAST) of only 
0.2°C between the 25 cm and 50 cm depth. Variations during his time of measurements 
(8 a.m. - 8 p.m.), and weekly climate fluctuations, also did not significantly influence 
the MAST at 25 cm compared to 50 cm. The mean summer temperature (MST) can be 
estimated by averaging 3 readings taken at 50 cm or by taking one reading at a depth of 
100 cm on the 15th day of the three warmest months of the season. Similar methods can 
also be used for other seasons (Soil Survey Staff, 1993). 
Temperature exerts a strong influence on the biological activities within a soil 
(Soil Survey Staff, 1993). It also influences the rates of chemical and physical processes 
within the soil. When the soil temperature is below biologic zero, biological activities 
and chemical processes slow significantly. The drying of soils, especially above field 
temperature, will often cause a noticeable increase in acidity. Brady (1984) reported that 
the pH of mineral soil declines during the summer as a result of the acids produced by 
microorganisms. In organic matter decomposition, both organic and inorganic acids are 
formed. Carbonic acid, is weak, but inorganic Sulfuric and Nitric acids are potent 
suppliers of hydrogen ions to the soil. 
Many other factors influence soil temperature. These include the amount, 
intensity, and distribution of precipitation, daily and monthly fluctuations in temperature, 
and insolation. Kinds, amounts, and persistence of vegetation, duration of moisture 
states and snow cover, types of organic deposits, soil color, aspect and gradient of slope, 
elevation, and groundwater also influence the temperature of the soil. 
Precipitation data is much more variable than groundwater table data. In general, 
as one increases the number of observations of a population, one reduces the variability 
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of the mean. In this case, long term average values should be less variable than short 
term values. Three year studies will be sufficient in order to predict average 
groundwater table depths assuming moderate deviations, up to 50-cm, during the months 
of February, March, May, and in unusually wet or dry years (Zobeck and Ritchie, 
1984). 
8. Morphology of Hvdric Soils 
Hydric soils are defined as soils that are saturated, flooded, or ponded long 
enough during the growing season to develop anaerobic conditions in the upper part of 
the solum (USDA-SCS, 1991). In general, as defined by soil taxonomy, hydric soils are 
flooded, ponded, or saturated for usually one week or more during the period when soil 
temperatures are above biologic zero (Soil Survey Staff, 1975). Due to their wetness 
during the growing season, hydric soils usually develop certain morphological properties 
that can readily be observed in the field (Tiner and Veneman, 1989). Prolonged 
anaerobic soil conditions typically lower the soil redox potential and cause a chemical 
reduction of some soil components, mainly iron oxides and manganese oxides. This 
reduction affects solubility, movement, and aggregation of these oxides which is then 
reflected by the soil color and other physical characteristics that are commonly indicative 
of hydric soils (Tiner and Veneman, 1989). 
Spodosols are often found developing within evergreen forested wetlands. 
Spodosols have a gray eluvial E horizon overlying a diagnostic spodic horizon of 
accumulated, sometimes weakly cemented, organic matter and aluminum (Soil Survey 
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Staff. 1975). Certain vegetation, frequently found in wetlands, paxluce organic acids 
that speed podzolization including Canadian Hemlock fTsuga canadensis), spruce, pine, 
larch, and oak yBuol et al.. 1980). 
C. Vegetation 
The total wetland acreage in Massachusetts is estimated at 326.800 acres: wet 
meadows making up 13.525 acres and forested swamps occupying 192.225 acres 
fLarson. 1973). The main control over the distribution of wetlands in Massachusetts 
appears to be surficial geology, bedrock geology, and physiography. Climate, on the 
other hand, appears to have little influence on the distribution of wetlands (Heeley, 
1973). 
Kratz et al. (1979) reported that many different types of wetlands can form 
quickly through the accumulation of organic matter in lakes. Evre (1963) determined 
that in waterlogged soil, decay is less frequent or absent because of the lack of oxygen. 
Beetles and earthworms, which also help in the decay process, also become fewer in 
numbers. Kratz et al. (1979) suggested that organic matter is produced by vegetation 
growing on the surface of the wetland and that some of this organic matter decomposes 
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in situ and some of it is transported across the surface of the wetland by spring rains and 
into the adjoining lakes. This process is repeated until eventually a portion of the lake 
nearest the w etland becomes shallow enough to support wetland vegetation. This newly 
vegetated region produces more organic matter some of which tmds its way into the lake, 
further filling the lake. Eventually the lake itself is filled and a w-etland community 
thrives in the former lake basin (Kratz et al., 1979). 
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The national list of plant species separates vascular plants into five basic groups 
(Reed. 1988). These are called a plant's wetland indicator status and are based on a 
species frequency of occurrence in wetlands. Obligate wetland plants (OBL) occur in 
wetlands greater than 99% of the time. Facultative wetland plants (FACW) occur in 
wetlands between 67% and 99% of the time. Facultative plants (FAC) occur in wetlands 
between 34% and 66% of the time. Facultative upland plants (FACU) occur in wetlands 
between 1 % and 33 % of the time. Though not in this list, obligate upland plants (UPL), 
a fifth group. occur in wetlands less than 1% of the time. 
There are many wetlands in which FAC and FACW plants dominate (Federal 
Interagency Committee for Wetland Delineation. 1989). By themselves, these plants may 
reveal very little about an area's "wetlandness", but by considering presence, abundance, 
and distribution of all plants within an area, a better assessment can be made. Similarly, 
the landscape position of evergreen forests such as in depressions, drainageways, 
bottomlands, flats in sloping terrain, and seepage slopes, should be examined, because 
it often provides good insights into the likelihood of a wetland occurring (Federal 
Interagencv Committee for Zetland Delineation. 1989). 
Tiner (1988) determined that the actual presence of certain types of plants, that 
is. the obligate hydrophytes, is a good indication of wetland hydrology. \ egetation can 
serve as an indicator of past and present water regimes, water chemistry, and water 
availability. A rapid change from a stream channel growth of willows (Salix spp.), touch 
me nots (Impatiens capensis), and sedges (Carex spp., Eleocharis spp.) to an abundant 
growth of bluestars (Amsonia illustris) indicates a rapid increase in depth to water 
(Greeson et al., 1978). These plants grow and reproduce only in wetlands. They, like 
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other plants found only in wetlands, have adopted in various ways to life in flooded or 
saturated soils. Some plants have developed specialized structures that are easily 
detectable while others have developed unseen physiological mechanisms to cope in 
wetland conditions. Such indicators of water availability are helpful when combined with 
other info, such as groundwater levels, geology, seepage rates, and underlying soil 
properties, but they are independently useful in pinpointing areas of abrupt hydrologic 
change (Tiner, 1988). 
Tree rings, pollen analysis, and fossils have been used to reconstruct historic 
water regimes. Phipps et al. (1979) looked at pine tree rings to determine the local 
effects of ditching on groundwater level in the Great Dismal Swamp of Virginia and 
North Carolina. Stockton and Frills (1973) used tree rings to reconstruct groundwater 
levels at Lake Athabaska, British Columbia. Durations of flooding for most species are 
only critical when flooding occurs in the growing season. Flooding in the dormant 
season has had little or no effect on the vegetation, regardless of duration (Bedinger, 
1978). 
1. Succession 
Succession is the gradual change which occurs in the vegetation of a given area 
of the earth’s surface on which one species succeeds the other (Tansley, 1920). Two 
methods of vegetational community change, autogenic and allogenic, are thought to 
occur. 
Autogenic development implies that the existing vegetation or biota in a given site 
is directly responsible for initiating a change from one set of species populations to 
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another (Niering, 1989). This is the traditional "prepare the way" concept of succession. 
In contrast, the vegetation zones one frequently observes in wetlands may give the 
illusion that succession is occurring when in reality it may be just as one observes, a 
relatively stable set of belts or zones that are the result of stable hydrologic or substrate 
conditions. 
Allogenic development implies that external factors other than the influence of the 
biota are initiating change (Niering, 1989). Droughts, fire, prolonged flooding, and 
sedimentation are among the factors that can have profound effects in wetland 
development. Grasses and sedges may replace trees upon a change in the soil water 
regime through accumulation of excess water in a formerly well drained habitat. The 
build up of organic sediments in a wetland may be primarily autogenic, as in bog 
development, or a combination of organic and inorganic sediments involving allogenic 
factors as well. 
Present evidence seems to lead to the conclusion that both allogenic and autogenic 
forces act to change wetland vegetation and that the idea of a regional terrestrial climax 
for wetlands is inappropriate (Niering, 1989). Van der Valk (1981) replaced this 
autogenic succession concept with a Gleasonian Model in which the presence and 
abundance of each species depends on its life history and its adaptation to the 
environment of the site. Environmental factors are called the environmental sieve in Van 
der Valk’s (1981) model, so as the environment changes, so too does the sieve, and 
hence the species present. 
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2. Methods of Analysis of Vegetational Change 
Mueller-Dombois (1974) cites that several methods are used for studying changes 
in vegetation. Permanent plot studies are studies of the same area where seedlings are 
marked and trees are labelled and measured for changes in diameter breast height (DBH), 
overall height, and mortality rate. Next, herbaceous vegetation may be assessed and 
periodically evaluated using a comprehensive quadrat whose position is held fixed for 
small plots or randomly moved and sampled for larger plots. Aerial photography which 
is taken at different times throughout a site’s vegetative history can be an excellent tool 
for vegetation dominance studies. The details that are obtained using these aerial 
photographs are limited by scale and usually only the more general structural changes 
such as development from grass cover to woody plant cover or a change in the 
dominance of certain tree species may be evaluated by this technique (Mueller-Dombois, 
1974). Next, historical records or written descriptions of the vegetation cover of an area 
at earlier dates may reveal useful information about vegetational development patterns. 
Finally, evidence of change that is found within the present community would be helpful. 
This includes organismic remains in the soil as well as the population structure of species 
currently present (Mueller-Dombois, 1974). 
Documents by Pearsall (1920) and Wilson (1935) suggested that the composition 
of aquatic vegetation could change quickly in areas where there was a rapid accumulation 
of inorganic or organic sediment. In other words, in areas with a high rate of organic 
matter accumulation, one type of community could be transformed into another very 
quickly. Many wetlands are not short-lived serai communities because water and 
hydrophytic plants generally have wide climatic tolerances and are therefore unlikely to 
41 
react directly to small changes in the aerial environment which usually radically affects 
many strictly terrestrial species (Walker, 1970). 
Several wetland ecologists implicitly or explicitly have recognized that the 
vegetation dynamics of wetlands could best be understood and predicted from a study of 
the life histories of wetland species (Demaree, 1982; Hall et al., 1946; Penfound, 1953). 
They believed that seed development was directly associated with groundwater table 
fluctuations. Studies by Harris and Marshall (1963) also illustrated the utility of having 
information about seed germination requirements and flooding tolerances to understand 
and interpret changes in wetland vegetation. Whittaker (1953; 1967) and Curtis (1959) 
demonstrated that along environmental gradients, species were distributed each with its 
own unique pattern. Thus, the composition of wetland vegetation changes continuously 
along such gradients. Only vegetation present as a result of a disturbance is not in a 
steady state with its environment (Van der Valk, 1981). 
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CHAPTER IV 
MATERIALS AND METHODS 
Two sites in the Lawrence Swamp-Hop Brook Basin were investigated over a two- 
year period from October 1991 through October 1993. For the purpose of the New 
England Regional Soils Monitoring Project (NERSMP), specific sites in Lawrence 
Swamp were coded for easier reference. The forested hemlock swamp called "Efts 
Arrow" (NERSMP no. MAO 10) is located 42°19’45" north and 72°28’15" east at an 
elevation of 58 m above sea level. The wet meadow named "MacLeod Meadow" 
(NERSMP no. MA011) is located 42°20T5" north and 72°29’45" east at an elevation of 
50 m above sea level. Both sites act either as a recharge area or as a discharge area, 
depending on environmental conditions. Soil chemical, physical, and morphological 
parameters were assessed during this time. Data collection and analysis from this 
location will continue through at least May of 1994. Soil moisture regimes were 
measured at two sites encompassing 4 transects with a total of 22 wells. The soils in 
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MacLeod Meadow, a wet meadow, had been mapped as an Amostown fine sandy loam 
(coarse-loamy, mixed, mesic Typic Dystrochrept) and a Scitico silt loam (fine, mixed, 
non-acid, mesic Typic Haplaquept) (Swenson, 1981). The soils in the hemlock 
dominated Efts Arrow, a forested swamp, were mapped as a Scitico silt loam and a 
Ninigret fine sandy loam (coarse-loamy over sandy or sandy skeletal, mixed, mesic 
Aquic Dystrocrept) (Swenson, 1981). 
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A. Field Measurements 
The first objective, to determine moisture regimes in selected soils formed on 
post-glacial lake bottom parent materials, was achieved using the following materials and 
methods. 
1. Groundwater Levels 
To determine groundwater levels, wells were constructed of 3.8-cm diameter PVC 
tubing perforated along its lower length with 2-mm x 5-cm slits. These slits were made 
at an 120° angle to each other. The perforations were then covered with a fine 
polypropylene cloth screening (Typar by DuPont) to prevent the wash-in of fine 
materials. The screening was secured in place with duct tape and plastic ties. Well tops 
were covered with #9 rubber corks provided with a 63.5 mm diameter pressure release 
hole. Well installation depths generally ranged from 115 cm to 145 cm or until a 
rhythmically bedded clay confining unit was reached for the deep wells. Shallow wells 
generally were 60 cm to 70 cm or until a coarse gravelly layer was reached. Upon 
installation of the well, a brief soil description was made. Excavated soil was mixed into 
a slurry and poured back into the augered hole around the well cavity. Bentonite was 
used to seal the upper 10 cm of the well cavity. 
Groundwater table levels were measured with a hard-wired portable audio-electric 
system from a fixed datum point, usually the ground surface, to the well water depth. 
Groundwater levels were measured twice weekly during wet periods, weekly during the 
remainder of the growing season, and bimonthly during the non-growing season. 
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Groundwater table values below the datum were denoted with a negative sign while 
values above the datum received a positive sign. 
2. Climatic Data 
Air temperatures at 12 p.m. and precipitation data were measured at Pomeroy 
Court, Amherst, Massachusetts using a Fisher Catalog # 15-176-22 YSI 40 thermistor 
and a Tru-Chek rain gauge. This location was situated 2 km north-northwest of both 
Lawrence Swamp sites. 
At selected well monitoring stations, usually one with poorly to very poorly 
drained soils and one with somewhat poorly drained to moderately well drained soils, 
Fisher catalog #15-176-22 YSI 401 thermistors were installed at depths of 25 cm and 50 
cm. Soil temperatures were measured between 8 a.m and 11 a.m. with a digital 
thermometer (Fisher Catalog # 3-15-078-1) and were taken at the same interval as 
groundwater levels. 
To assess the temporal variability of the soils in relation to selected chemical and 
physical parameters, the following methodology was used (objective 2). 
3. Dissolved Oxygen and Water Temperature 
Dissolved oxygen concentrations and temperatures of the well water were 
measured with an YSI Model 54A oxygen meter including a Model 5739 probe affixed 
with a standard membrane and calibrated in the field in a water saturated environment 
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to the field air temperature. Wells were purged of water to twice its volume before 
dissolved oxygen readings and temperature readings were made. Wells that had less than 
a 100 ml volume or that had very slow infiltration rates (less than 5 ml min1) were not 
measured. Well water dissolved oxygen and temperature readings were measured at the 
same interval as the groundwater table levels. 
4. Ferrous and Ferric Iron Concentrations 
After wells were purged and dissolved oxygen levels were measured, soil water 
was collected by lowering a 50-ml glass vial into the well, allowing it to fill completely 
with water, and then raising it from the well and sealing it with a screw cap to minimize 
any oxygen contamination of the sample. Samples were then stored in a sunlight proof 
container and brought to the laboratory for ferrous and ferric iron analysis and pH 
determination. Iron content was measured spectrophotometrically using 1,10 
phenanthroline (Ransom and Smeck, 1986). A comparative qualitative study was also 
performed using a, a, -dipyridyl (Batey and Childs, 1982) and color chips obtained from 
Dutch BoyR. Ferrous iron concentrations using a, a, - dipyridyl were compared with 
the Dutch BoyR color chips to provide a semi-quantitative field method for ferrous iron. 
When a soil water extract changes to a pink color upon addition of a, a, - 
dipyridyl, ferrous iron is present. This indicates a reducing soil environment at the time 
of the test. A negative result, no pink color, only indicates that the soil is not reduced 
at this moment. It does not imply that the soil is not reduced at one time during the 
growing season. 
46 
5. Redox Potential 
Redox potentials were measured with bright platinum electrodes installed at depths 
based on specific mottling or soil texture patterns. Probe length above the soil surface 
was at least 10 cm above the highest estimated spring flooding event. The platinum 
electrodes were constructed by soldering 1.5-cm of 20-gauge platinum wire onto 12- 
gauge copper wire. The electrode was encased in a 29-mm diameter tube and sealed first 
with 5-ton epoxy glue and then with BuehlerR Epo-Kwik ResinR. Prior to field 
installation, the platinized platinum electrode was tested in a ferrous-ammonium-sulfate 
solution and discarded if not accurate to within 10 mV of +475 mV (Light, 1972). 
Redox potential measurements were made with a Calomel reference electrode connected 
to a potentiometer (Radio Shack #22-188) using a saturated KCl-Agar salt bridge 
(Veneman and Pickering, 1983). The salt bridge was equipped with a 0.4-cm diameter 
opening placed centrally to the platinum electrode at the desired horizon measurement 
depth. The distance between the KCl-Agar salt bridge and the platinum electrode was 
not greater than 10 cm. Readings were taken at the same time intervals as the 
groundwater level measurements. 
6. Matric Potential 
Matric potentials were measured at the same depths where soil redox potentials 
were obtained. Tensiometers were constructed by mounting 100-kPa porous cups to one 
end of a 17-mm diameter CPVC tube with epoxy cement and securing a 15-mm clear 
plastic tube of 10-cm length to the other end using epoxy cement. During the spring and 
summer, tensiometers were filled to within 2 cm of the top with deaired water, capped 
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off with a self sealing rubber septum and installed in the appropriate horizons. During 
the fall and winter, due to freezing conditions, tensiometers were filled to within 2 cm 
of the top with a 30% methanol/water solution. Matric potentials were measured in the 
early morning hours at the same frequency as the groundwater table measurements. 
To evaluate the need for a correction factor when using the 30% methanol/water 
mixture, the effects of temperature and percentage of methanol on matric potential 
readings was tested in soil material obtained from the Bw horizon of a moderately well- 
drained Rainbow soil (coarse-loamy, mixed, mesic Aquic Dystrochrept) from Orchard 
Hill in Amherst, Massachusetts. Five ten-gallon insulated buckets were drilled with 
holes to provide drainage and filled with a thin layer of gravel overlain with the sandy 
loam soil. Two 25-cm long tensiometers were installed in each one of five buckets at 
the same depth. One tensiometer contained deaired water whereas the other tensiometer 
contained a specific methanol/water concentration which varied per bucket. The buckets 
were placed in regulated temperature chambers at temperatures of + 15°C, +5°C, 0°C, 
and -2°C respectively. Soil temperatures were measured with Fisher Catalog # 15-176-22 
YSI 401 thermistors installed at between a 15-cm and 20-cm depth in the 10% methanol 
and 50% methanol buckets. Soil matric potentials were measured for a minimum of 10 
consecutive days or until the matric potential reached 50-kPa. 
7. Soil Descriptions 
Soil pits (1 m3) were dug and soils were described and classified in accordance 
with standard methods (Soil Survey Staff, 1993). Pits were excavated at intervals of 4 
m across each one of four transects. After the soils were described on location, soil 
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samples were collected and saved for physical, chemical, and morphological laboratory 
analysis. In the soil pits, soil matrix, mottles, and cutans were described using standard 
terminology (Soil Survey Staff, 1993). 
8. Laboratory Analysis 
Bulk samples (1-5 kg) and soil cores were gathered from each horizon. Bulk 
samples were air-dried for about 48 hours and passed through a 2-mm sieve, and air- 
dried for an additional 2 to 3 days. Once dry, the fine ( < 2 mm) and coarse (> 2 mm) 
fractions were weighed and the percent coarse fragments was calculated. Two 
subsamples were removed from the fine fraction. One of the subsamples was pulverized 
in a Spex Shatter Box and saved for chemical analysis. 
a. Particle Size Analysis 
Particle size analysis was performed using the pipette method (Day, 1965). Prior 
to dispersal of a 25-g sample in 50 ml of 5% Na-hexametaphosphate (Calgon), organic 
matter was removed from the A and upper B horizons by boiling the sample in 30 ml of 
H202. Sands were removed by wet sieving through a 50-um sieve, dried and then 
fractionated into very coarse sand (2000-1000 um), coarse sand (1000-500 um), medium 
sand (500-250 um), fine sand (250-100 um), and very fine sand (100-50 um) by dry 
sieving. The remaining silt plus clay suspension was placed in a sedimentation cylinder. 
The mixture was resuspended and a 25-ml aliquot (representing total silt and clay and 
dissolved solids) was taken at 15 cm. According to Stoke’s Law for particle settling 
rates, another 25-ml aliquot was taken at 25 cm between 7 and 8 hours after 
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resuspension. This aliquot represented clay and dissolved solids. Lastly, another 25 ml 
aliquot was taken and centrifuged at 10000 rpm for 20 minutes. This represented total 
dissolved solids. All aliquots were dried at 105°C overnight and values obtained were 
used to calculate silt plus clay. 
b. Bulk Density 
Core samples were used to determine bulk density (Soil Survey Staff, 1984). 
After the volume of the core samples were determined, the soil was removed from the 
core and dried at 105°C for 24 to 48 hours at which time they were weighed. The soil 
material was passes through a 2-mm sieve and the weight of the coarse fragments was 
determined. Bulk desity of the fine fraction (< 2 mm) was then calculated (method 
4 A3 a). 
c. pH 
Hydrogen ion concentration (pH) was measured in 1:1 mixtures (20 g sample to 
20 ml of solution) distilled/deionized water (McLean, 1982). This procedure used 
unground sample passed through a 2-mm sieve. 
d. Organic Carbon 
Organic carbon was determined by wet digestion following the Modified Mebius 
Procedure (Nelson and Sommers, 1982). Two grams of ground sample (passed through 
a 2-mm sieve and pulverized in a Spex Shatter Box) were added to 10 ml of 0.5N 
potassium-dichromate (K2Cr407), 15 ml of H2S04 and 8 ml of distilled/deionized water. 
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The solution was boiled for 30 minutes, removed from the heat, approximately 50 ml 
distilled/deionized water was added, and the mixture cooled to room temperature in a 
water bath. Five drops of indicator (0.100 g N-phenylanthranilic acid and 0.107 g 
sodium-carbonate dissolved in 100 ml water) was added and the solution titrated with 
0.2N FeS04 to a light green endpoint. Percent organic carbon was calculated using this 
formula: % O.C. = ((ml blank - ml sample) / g sample)) * N of FeS04 * 0.3, where ml 
blank and ml sample refer to the ml of titrant used, N refers to the exact normality of 
the titrant, and g refers to the grams of sample used. As the amount of organic carbon 
increases less sample is required. 
e. Extractable Acidity 
Extractable acidity was determined using the modified barium chloride- 
triethanolamine (BaCl2-TEA) method (Peech et al., 1962). Ten grams of unground 
sample was added to 100 ml of BaClrTEA at pH 8 and allowed to react overnight. The 
solution was filtered and brought to 250 ml with BaCl2-TEA. The solution was then 
titrated with 0.2N HC1 using 5 drops of indicator (0.22 g bromocresol green, 0.075 g 
methyl red, 3.5 ml 0.1N NaOH, in 96 ml 95% EtOH). Centimoles per kilogram 
extractable acidity was calculated using this formula: Ex. Acidity = (ml blank - ml 
sample) * (N acid) * (100 g / g sample), where ml blank and ml sample are the ml of 
titrant used, N refers to the normality of the acid, and g sample is the sample weight. 
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f. Cation Exchange Capacity 
The major basic cations (Ca2+, Mg2+, Na+, and K+) were extracted with IN 
ammonium-acetate (NH4AOc) at pH 7. Twenty-five grams of unground sample were 
added to 50 ml of extractant and allowed to react overnight (Soil Survey Staff, 1984). 
The sampled was filtered, washed, and brought to 250 ml with the extractant. 
Concentrations of each cation were determined by means of atomic absorption or 
emission (method 5A1). Centimoles of exchangeable cations per kilogram of soil were 
determined using this formula: Ex. Cation = (ppm) * (D) * (F) / (g), where ppm is the 
concentration from the AA/AE, D is the dilution factor, F is a conversion factor, and g 
is the weight of the sample. Factors used in the determination are as follows: Ca = 
1.2475, Mg = 2.0566, Na = 1.08744, K = 0.63939. Cation exchange capacity was 
calculated by summing the exchangeable bases with the extractable acidity and the 
percent base saturation was calculated by dividing the sum of cations by the total CEC 
and multiplying by 100. 
g. Extractable Elements 
Extractable Fe, Mn, and A1 were determined from three separate extraction 
procedures (Soil Survey Staff, 1984). Fe, Mn, and A1 were all analysed by atomic 
absorption or emission spectroscopy. Detailed recipes for these procedures may be found 
in methods 6C2b, 6C5a, and 6C6a. 
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The third objective, to relate soil morphological properties to the frequency and 
duration of soil saturation was achieved using the following methodology: 
9. Hvdrologv/Morphologv Relationship 
Soil morphology was compared to period and frequency of saturation. 
Groundwater tables obtained over the monitoring period were converted into four 
variables. One represented the number of weeks that a particular depth was saturated 
during the growing season, while another depicted the number of weeks that saturation 
was present for the entire monitoring year. The two other variables represented the 
number of weeks as a percent of the total growing season and as a percent of the total 
weeks in the monitoring year. 
Morphological soil properties were then investigated. These included dominant 
matrix chroma color and dominant mottle chroma color as well as properties such as 
textural percentages and organic carbon content. Variables that were created were input 
into a computer generated statistical program (SYSTAT) and correlations and regression 
analyses were performed. 
To assess the vegetation present during the study period and interpret any seasonal 
(short term) or long term dominance changes in the Lawrence Swamp basin (objective 
4), the following methodology was used. 
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10. Vegetational Analysis 
The rate of change of each wetland community studied was assessed using three 
different methods. First, a comprehensive quadrat method was used to analyze the 
herbaceous vegetation surrounding the study area. Next, short term or seasonal 
vegetational dominance changes were evaluated through the use of panoramic slides taken 
across MacLeod Meadow from a 10-m high vantage point located in a 20-m high White 
Pine (Pinus strobus) that grows adjacent to the meadow. Lastly, aerial photographs that 
have been taken at periodic intervals from 1952 through 1988 were analyzed to assess 
possible longer term dominance changes in vegetation. 
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CHAPTER V 
RESULTS AND DISCUSSION 
A. Growing Season and Climatic Information 
Soil taxonomy defines the growing season in the northeastern United States as the 
period of time in which the soil temperature at 50-cm depth equals or exceeds +5°C. 
To determine the length of time that the growing season persisted at selected sites within 
the Lawrence Swamp basin, air temperatures and soil temperatures at 25 cm and 50 cm 
depth were collected. Growing season dates based on these parameters are shown in 
Tables 3-8. In addition, the growing season length was calculated based on vegetational 
observations and long term climatic data. Growing season was based on the dates from 
bud break or fern emergence to leaf drop. Long-term climatic data generally is listed 
in local soil survey reports. Hampshire County soil survey provided the expected first 
and last day of the frost free season in 5 out of 10 years for an air temperature of -2.2°C 
(28°F) or lower. Using this temperature as the first and last day of the frost free season, 
local growing season duration was computed. Alternatively, two weeks were added to 
the beginning and end dates of the growing season as defined by the soil survey 
information as well as the locally measured air temperatures to account for seasonal 
variations. 
In comparing the topographic positions of the well stations (see Fig 3.) to the soil 
taxonomic growing season, it was determined that soils lower on the landscape and 
saturated for a longer period of time experienced lengthier growing seasons than those 
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Figure 3. Relative elevation (m) and distance (m) of the wells at MacLeod 
Meadow and Efts Arrow. 
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that were higher on the landscape and saturated for a lesser period. This difference was 
as much as six weeks across MacLeod Meadow. In addition, those soils with shorter 
growing seasons usually exceeded +5°C earlier in the spring and fell back below biologic 
zero earlier in the fall. In contrast, in soils with a longer growing season, biologic zero 
was exceeded late in the spring and occasionally did not return below +5°C until the 
following January. For soils that freeze in the winter, soil temperatures are influenced 
by the release of heat when water changes from the liquid to the solid form. The rate 
of thaw of frozen soils is slower because heat is required to warm the soil and to melt 
the ice. In areas of heavy snowfall, the snow provides an insulating blanket and soils do 
not freeze as deeply or may not freeze at all in some locations. In general, wetlands 
represent modifying influences maintaining lower temperatures in the summer and 
preventing extreme minimum temperatures in the winter. In central Massachusetts, 
Pickering and Veneman (1984) reported that winter temperatures were warm enough for 
biological activity and significant reduction in a poorly drained Scarboro soil. 
In comparing vegetational observations and the length of the growing season as 
defined by the local soil survey report, results showed that both these season lengths 
were as much as 14 weeks less than the soil taxonomy defined growing season (see Table 
4.). Even though the actual calender dates differed between the measured air 
temperature growing season length and the soil taxonomic growing season, both averaged 
the same number of weeks. The growing season is generally difficult to define in any 
one area because of local topoclimatic factors such as slope orientation, cold air drainage, 
and vegetative cover (Bradley et al., 1987). Actual dates of the frost free season vary 
on a yearly basis, but in 5 out of the 10 years from 1951 to 1973, the frost free season 
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began on April 23 and ended on October 17, a total of 25 weeks (Bradley et al., 1987). 
Yet, the average length of the growing season based on air temperatures of greater than 
-2.2°C (28°F) recorded over a 150-year measuring period was 152 days or just under 22 
weeks. The growing season, as measured at the current study sites, and including both 
air and soil temperatures, has persisted as much as 18 weeks longer than the reported 
average above. This difference is believed to be due in part to the topographic 
positioning of Amherst’s recording station. The wind speed, temperature regime, and 
atmospheric humidity just above the soil surface of the ground beneath the shade of a 
dense forest are remarkably different from those at just the same height above the soil 
surface in the nearby grassland. 
Soil and air temperatures were measured at selected sites across the four transects. 
The air temperatures within the swamp and the meadow were averaged separately. 
Graphs for soil and air temperature are shown in Figures 4-7. In general, the soil 
temperatures on topographically higher and drier soils experienced a greater divergence 
between summer and winter temperatures than at topographically lower and wetter soils. 
More specifically, temperatures at a 50 cm depth always were higher during the winter 
(October-March) and lower during the summer (April-September) than at the 25 cm 
depth. This was amplified during periods when the groundwater table was within 50 cm 
of the soil surface. The presence of the water table created a lag time for soil 
temperatures which increased with increasing depth. Below a depth of several meters, 
the soil temperature is controlled by geothermal heat coming from within the earth and 
not from the variations in atmospheric weather. Mean annual soil temperature (MAST) 
can be calculated by averaging four seasonal measurements taken at 50 cm below the soil 
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Figure 4. Average air and soil temperatures (°C) at 25 cm and 50 cm for well 
MA010.1. Dashed line at 5°C indicates biologic zero. 
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Figure 5. Average air and soil temperatures (°C) at 25 cm and 50 cm for wells 
MA010.2 and MA010.6. Dashed line at 5°C indicates biologic zero. 
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Figure 6. Average air and soil temperatures (°C) at 25 cm and 50 cm for well 
MA011.1. Dashed line at 5°C indicates biologic zero. 
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Figure 7. Average air and soil temperatures (°C) at 25 cm and 50 cm for wells 
MA011.2 and MA011.8. Dashed line at 5°C indicates biologic zero. 
surface on the 15th day of January, April, July, and October (Smith et al., 1964). 
Seasonal mean temperatures were calculated by averaging temperatures over 3 month 
intervals. For example, the mean summer temperature (MST) was obtained by averaging 
three monthly summer measurements taken at 50 cm below the soil surface on the 15th 
day of June, July, and August. Similar measurements may be made for other seasons. 
Results of these averages are shown in Table 9. 
Linear correlations between soil temperatures at 50 cm depth and average air 
temperatures were derived to determine the air temperature corresponding to a +5°C soil 
temperature at 50 cm depth. The calender year was divided up into two periods. The 
first period, April 1 through September 30, reflects the spring/summer air temperature; 
while October 1 through March 31, defines the fall/winter air temperature. These two 
periods were chosen based on significant changes observed in soil temperature during 
these periods. The regression lines for both periods are shown in Fig. 8-19. At well 
MA010.1, a spring air temperature of + 10.8°C and a fall air temperature of +0.1°C 
was predicted to correspond to a 50-cm soil temperature of +5°C, while at well 
MAO 11.2, a spring/summer air temperature of +6.6°C and a fall/winter air temperature 
of + 1.7°C was predicted to correspond to a 50-cm soil temperature of +5°C. Data for 
the drier wells during the spring/summer were more linear (r2 = 0.595) than data 
obtained from all wells during the fall/winter (r2 = 0.301). 
Rainfall, accompanying cloudiness, or both, together with related changes in soil 
moisture content, exert an important influence on soil temperature. Precipitation, in 
particular rainfall, had a modifying effect on soil temperature, promoting both cooling 
and warming depending on the season and soil conditions. Percolation also seemed to 
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Table 9. Mean annual soil temperature (MAST), mean summer temperature 
(MST), mean fall temperature (MFT), mean winter temperature 
(MWT), and mean spring temperature (MSPT) at selected wells across 
Efts Arrow and MacLeod Meadow. 
Well ft MA010.1 
0 C 
MA010.2 
0 C 
MA010.6 
0 C 
MA011.1 
°C 
MA011.2 
0 C 
MA011.8 
°C 
MAST 9.0 8.7 8.4 8.4 9.6 8.7 
MST 12.7 11.6 13.2 15.7 18.0 16.2 
MFT 12.6 11.2 11.2 11.8 13.0 11.9 
MWT 5.1 5.7 4.1 2.4 3.0 2.2 
MSPT 6.7 5.5 5.6 6.9 6.9 5.5 
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Figure 8. Soil temperatures versus air temperatures at well MAO 10.1 during the 
1991 through 1993 spring/summer season. 
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Figure 9. Soil temperatures versus air temperatures at well MA010.2 during the 
1991 through 1993 spring/summer season. 
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Figure 10. Soil temperatures versus air temperatures at well MA010.6 during the 
1991 through 1993 spring/summer season. 
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Figure 11. Soil temperatures versus air temperatures at well MA011.1 during the 
1991 through 1993 spring/summer season. 
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Figure 12. Soil temperatures versus air temperatures at well MA011.2 during the 
1991 through 1993 spring/summer season. 
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Figure 13. Soil temperatures versus air temperatures at well MA011.8 during the 
1991 through 1993 spring/summer season. 
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Figure 14. Soil temperatures versus air temperatures at well MA010.1 during the 
1991 through 1993 fall/winter season. 
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Figure 15. Soil temperatures versus air temperatures at well MA010.2 during the 
1991 through 1993 fall/winter season. 
78 
A
ir
 
T
em
p
er
at
u
re
 (
°C
) 
Soil Temperature (°C) 
Figure 16. Soil temperatures versus air temperatures at well MA010.6 during the 
1991 through 1993 fall/winter season. 
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Figure 17. 
Soil Temperature (°C) 
Soil temperatures versus air temperatures at well MA011.1 during the 
1991 through 1993 fali/winter season. 
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Figure 18. Soil temperatures versus air temperatures at well MA011.2 during the 
1991 through 1993 fall/winter season. 
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Figure 19. Soil temperatures versus air temperatures at well MA011.8 during the 
1991 through 1993 fall/winter season. 
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have the effect of equalizing the soil temperature at various depths. More permeable 
soils experienced this phenomenom to a greater depth. 
Precipitation during the study period was collected daily on Pomeroy Court in 
Amherst, Massachusetts, a site 2-km north-northwest of both Lawrence Swamp research 
areas. Monthly precipitation data for the October 1991 through October 1993 monitoring 
period are shown in Figure 20. Monthly precipitation records for the town of Amherst 
over a 150-year period beginning in 1836 and ending in 1986 are also shown. Bradley 
(1987) calculated that Amherst averages 110.6 cm of precipitation per year with February 
being the driest month and July being the wettest month. Snow depths were determined 
by averaging the readings on three randomly placed meter sticks. Snow was collected 
in a rain gauge and melted in order to determine its water content. In general, snow 
which fell through moist air had a ratio of 10 cm of snow to 1 cm of rain while snow 
which fell through relatively dry air had a ratio of 31 cm of snow to 1 cm of rain. 
Despite the lack of precipitation during the summer of 1991 and the excess in the 
summer of 1992 to the severe drought during the summer of 1993, total yearly 
precipitation during this 2-year monitoring period averaged out to be very close to the 
150-year average. 
B. Groundwater Tables and Soil Horizon Descriptions 
Groundwater table levels were collected at 13 well sites. The information is 
presented in Figures 21-33 along with the daily precipitation to demonstrate the influence 
of precipitation on groundwater elevations. Also depicted are the measuring instruments 
used and their depth of installation. Significant soil morphological information is 
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presented as well. Complete soil morphological and taxonomic descriptions may be 
found in Appendix A, while soil horizon textural analyses are presented in Appendix B. 
Surface water was present for a significant period (> 2 weeks) during the year 
at wells MA010.1, MAO 11.1, and MA011.10. Well MAO 10.7 experienced surface 
water, but only for a very short time due to a hillside seep located on the boundary of 
a textural unconformity. In contrast, wells MA010.3 and MA010.8 maintained water 
table levels predominantly at depths lower than 70 cm from the soil surface. 
Groundwater table depths within the forest remained fairly constant, reacting very little 
to precipitation events, while groundwater levels within the meadow fluctuated greatly 
with precipitation. A much coarser sand and gravel textured soil, high infiltration 
capacity, as well as a nearby discharge area (brook) is believed to be the cause of the 
consistent groundwater level within the forest. The meadow consists of finer textured 
soils, an expansive layer of herbaceous vegetation, and an impeding silt/silt loam layer 
at about 110 cm depth. This allowed for more wetting and subsequent drying cycles 
across MacLeod Meadow. 
C. Period of Saturation 
Technical criteria for the determination of hydric soils (see Table 10) specifies 15 
cm and 30 cm as critical depths for the determination of the number of weeks that a 
given soil is saturated (Soil Survey Staff, 1991). The frequency and duration of 
saturation of selected soils are shown in Tables 11-17. Of the studied sites, only wells 
MA010.3, MA010.6, and MA010.8 experienced no groundwater table (saturation) to 
within 15 cm of the surface at any time during the growing season of the study period. 
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Well MA010.3 had no groundwater table (saturation) to within 30 cm of the soil surface 
at any time during the growing season of the reporting period. Tables 18-27 depict soil 
saturation as a function of the number of weeks that a particular horizon was saturated. 
Soil taxonomy (Soil Survey Staff, 1991) considers water of the capillary fringe held at 
less than -1 kPa in the definition of soil saturation. Tables 18-27 show the texture of the 
horizon as well as the number of weeks that matric potentials within that horizon 
experienced tensions wetter than -1 kPa. 
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Figure 20. Monthly precipitation (cm) at Pomeroy Court in Amherst, 
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Table 10. Technical criteria for hydric soils (USDA-SCS, 1991). 
1. All organic soils (Histosols) except Folists, or 
2. Mineral soils in Aquic suborders, Aquic subgroups, Albolls suborder, Salorthids 
great group, Pell great groups of Vertisols, Pachic subgroups, or Cumulic 
subgroups that are: 
a. somewhat poorly drained and have a frequently occurring water table < 
15 cm from the surface for a significant period (usually more than two 
weeks) during the growing season, or 
b. poorly drained or very poorly drained and have either: 
(1) a frequently occurring water table at < 15 cm from the surface for a 
significant period (usually more than two weeks) during the growing 
season if textures are coarse sand, sand, or fine sand in all layers within 
50 cm, or for other soils 
(2) a frequently occurring water table at < 30 cm from the surface for a 
significant period (usually more than two weeks) during the growing 
season if permeability is equal to or greater than 15 cm/hr in all layers 
within 50 cm, or 
(3) a frequently occurring water table at < 45 cm from the surface for a 
significant period (usually more than two weeks) during the growing 
season if permeability is < 15 cm/hr in any layer within 50 cm,or 
3. Mineral soils that are frequently ponded for long duration or very long duration 
during the growing season, or 
4. Mineral soils that are frequently flooded for long duration or very long duration 
during the growing season. 
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Table 11. Annual growing season duration and period of soil saturation at site 
MA010.1 and MA010.2 at 15 cm and 30 cm depth. 
MA010.1 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. tt Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 — 
1992 May 10 t Jan 15 36 36 100 36 100 
1993 Apr 14 Jan 12 39 9 $ 33 $ 12 $ 44 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
MA010.2 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. # Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 19 t Jan 29 11 1 9 11 100 
1992 Apr 13 Jan 15 39 3 8 26 67 
1993 Apr 20 Feb 1 41 2 $ 8 t 
++ 
00 31 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
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Table 12. Annual growing season duration and period of soil saturation at site 
MA010.3 and MA010.4 at 15 cm and 30 cm depth. 
MA010.3 GROWING SEASON 
Year Begin End if Wks. a wks % Sat. a wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 19 t Jan 29 11 0 0 0 0 
1992 Apr 13 Jan 15 39 0 0 0 0 
1993 Apr 20 Feb 1 41 o $ 0 $ 0 $ 0$ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
MA010.4 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. a wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 19 f Jan 29 11 1 9 2 18 
1992 Apr 13 Jan 15 39 0 0 0 0 
1993 Apr 20 Feb 1 41 0 $ 0 * 0 $ 0 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
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Table 13. Annual growing season duration and period of soil saturation at site 
MA010.6 and MA010.7 at 15 cm and 30 cm depth. 
MA010.6 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. # Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 12 t Jan 7 9 0 0 0 0 
1992 Apr 13 Dec 6 34 0 0 4 12 
1993 Apr 20 Jan 17 39 o X 0 $ .t.i
. 
i 
i 12 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
MA010.7 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. ft Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 12f Jan 7 9 2 22 3 33 
1992 Apr 13 Dec 6 34 11 32 17 50 
1993 Apr 20 Jan 17 39 4 $ 15 $ IX 27 $ 
t indicates commencement date of measurements. 
X indicates measurements through October 20, 1993. 
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Table 14. Annual growing season duration and period of soil saturation at site 
MA010.8 at 15 cm and 30 cm depth. 
MA010.8 GROWING SEASON 
Year Begin End it wks. It Wks % Sat. # Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Nov 25 t Jan 7 6 0 0 0 0 
1992 Apr 13 Dec 6 34 0 0 0 0 
1993 Apr 20 Jan 17 38 o $ 0 t 0 t 0$ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
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Table 15. Annual growing season duration and period of soil saturation at site 
MA011.1 and MA011.2 at 15 cm and 30 cm depth. 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
MA011.2 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. § Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Oct 24 f Dec 2 6 2 33 6 100 
1992 Apr 13 Dec 6 34 9 26 16 47 
1993 Apr 20 Dec 2 32 1 $ 4 $ 3 $ 12 $ 
f indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
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Table 16. Annual growing season duration and period of soil saturation at site 
MA011.4 and MA011.6 at 15 cm and 30 cm depth. 
MA011.4 GROWING SEASON 
Year Begin End # Wks. # Wks % Sat. # Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Oct 24 t Dec 2 6 1 33 2 67 
1992 Apr 13 Dec 6 34 3 9 11 32 
1993 Apr 20 Dec 2 32 1 * 4* 2% 8$ 
t indicates commencement date of measurements. 
± indicates measurements through October 20, 1993. 
MA011.6 GROWING SEASON 
Year Begin End # Wks. n wks % Sat. # Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Oct 24 t Dec 17 8 8 100 8 100 
1992 Apr 27 Nov 30 31 14 45 17 55 
1993 Apr 20 Dec 2 32 3 ± T 12 X 5 X 19 X 
t indicates commencement date of measurements. 
± indicates measurements through October 20, 1993. 
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Table 17. Annual growing season duration and period of soil saturation at site 
MA011.8 and MA011.10 at 15 cm and 30 cm depth. 
MA011.8 GROWING SEASON 
Year Begin End tt Wks. tt Wks % Sat. tt Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Oct 29 t Dec 17 7 7 100 7 100 
1992 Apr 27 Nov 30 31 12 39 18 58 
1993 Apr 20 Dec 2 32 3 * 12 $ 7* 27 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
MA011.10 GROWING SEASON 
Year Begin End # Wks. tt Wks % Sat. tt Wks. % Sat. 
w/in w/in w/in w/in 
15 cm 15 cm 30 cm 30 cm 
1991 Oct 29 f Dec 17 7 7 100 7 100 
1992 Apr 27 Nov 30 31 15 48 24 77 
1993 Apr 20 Dec 2 32 7 $ 27 $ 00
 
•H
* 31 $ 
t indicates commencement date of measurements. 
$ indicates measurements through October 20, 1993. 
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Table 18. Horizon depths and textures at sites MA010.1 and MA010.2 in 
relation to the number of weeks of saturation of specific horizons and 
the total number of weeks of growing season measured. Also 
indicated is the duration that selected horizons are effectively 
saturated in relation to the number of weeks of tensiometric 
measurements during the growing season. 
MA010.1 
Horizon Depth Texture 
ft weeks 
saturated / ft weeks 
measured during 
growing season 
ft wks wetter than 
-1 kPa / ft weeks 
measured during 
growing season 
Oe 0-100 + 52/63 43/59 
MA010.2 
Horizon Depth Texture 
ft weeks 
saturated / ft weeks 
measured during 
growing season 
ft wks wetter than 
-1 kPa / ft weeks 
measured during 
growing season 
Oel 0-34 7/76 37/57 
Oe2 34-55 54/76 
A/Cg 55-64 sil 57/76 
Cg 64-103 + cos 60/76 
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Table 19. Horizon depths and textures at sites MA010.3 and MA010.4 in 
relation to the number of weeks of saturation of specific horizons and 
the total number of weeks of growing season measured. Also 
indicated is the duration that selected horizons are effectively 
saturated in relation to the number of weeks of tensiometric 
measurements during the growing season. 
MA010.3 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oe 2-0 0/76 
A 0-25 si 0/76 0/57 
Bw 25-45 Is 0/76 0/57 
cig 45-52 cos 0/76 
C2g 52-60 s 0/76 
C3g 60-70 s 0/76 
C4g 70-98 + s 12/76 
MA010.4 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
A 0-15 1 0/76 
Cl 15-20 lcos HI 6 
C2 20-32 cos 2/76 2/57 
C3g 32-100 + s 59/76 36/57 
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Table 20. Horizon depths and textures at sites MA010.6 and MA010.7 in 
relation to the number of weeks of saturation of specific horizons and 
the total number of weeks of growing season measured. Also 
indicated is the duration that selected horizons are effectively 
saturated in relation to the number of weeks of tensiometric 
measurements during the growing season. 
MA010.6 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi 41-9 0/69 13/52 
Oe 9-0 25/69 
Clg 0-1 sil 32/69 
2C2 1-4 Is 32/69 
2C3 4-24 Is 36/69 28/52 
2C4 24-34 + lcos 43/69 
MA010.7 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi/Oe 1-0 3/69 
A 0-18 si 10/69 
C 18-99 + s 39/69 22/52 
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Table 21. Horizon depths and textures at site MA010.8 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA010.8 
Horizon Depth Texture 
tt weeks 
saturated / tt weeks 
measured during 
growing season 
tt wks wetter than 
-1 kPa / tt weeks 
measured during 
growing season 
Oi/Oe 2-0 0/66 
A 0-16 si 0/66 
Bs 16-35 s 0/66 2/56 
Cig 35-59 s 4/66 4/56 
2C2g 59-83 Is 13/66 
3C3 83-100 + sil 36/66 
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Table 22. Horizon depths and textures at site MA011.1 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA011.1 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi 3-0 15/56 
Ap 0-19 vfsl 18/56 
Bg 19-35 fsl 24/56 25/52 
Cl 35-42 fs 30/56 
C2 42-57 sil 33/56 29/52 
C3 57-90 fs 38/56 
C4 90-95 fs 43/56 
2C5 95-108 + sicl 43/56 
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Table 23. Horizon depths and textures at site MA011.2 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA011.2 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi/Oe 7-0 0/66 
Ap 0-18 fsl 10/66 
B 18-30 Is 25/66 14/52 
Cig 30-36 fsl 27/66 
2C2 36-70 fs 31/66 18/52 
2C3 70-100 + s 46/66 
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Table 24. Horizon depths and textures at site MA011.4 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA011.4 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi/Oe 5-0 0/66 
Ap 0-19 1 1/66 
Clg 19-60 sil 21/66 11/52 
2C2 60-90 fs 30/66 
2C3 90-100 + s 41/66 
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Table 25. Horizon depths and textures at site MAO 11.6 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA011.6 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
# wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi/Oe 5-0 0/65 
Ap 0-16 1 23/65 
cig 16-21 fsl 28/65 
C2g 21-39 lfs 33/65 25/51 
C3g 39-60 s 41/65 28/51 
C4g 60-90 fs 43/65 
C5g 90-100 vfs 46/65 
2C6g 100-105 + sil 46/65 
Table 26. Horizon depths and textures at site MA011.8 in relation to the number 
of weeks of saturation of specific horizons and the total number of 
weeks of growing season measured. Also indicated is the duration that 
selected horizons are effectively saturated in relation to the number of 
weeks of tensiometric measurements during the growing season. 
MA011.8 
Horizon Depth Texture 
# weeks 
saturated / # weeks 
measured during 
growing season 
ft wks wetter than 
-1 kPa / # weeks 
measured during 
growing season 
Oi/Oe 9-0 3/64 
Ap 0-18 1 27/64 
Clg 18-31 fsl 36/64 28/51 
C2 31-95 fsl 44/64 28/51 
C3 95-98 s 54/64 
2C4g 98-107 + sil 57/64 
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Table 27. Horizon depths and textures at site MA011.10 in relation to the 
number of weeks of saturation of specific horizons and the total 
number of weeks of growing season measured. Also indicated is the 
duration that selected horizons are effectively saturated in relation to 
the number of weeks of tensiometric measurements during the 
growing season. 
MA011.10 
Horizon Depth Texture 
ft weeks 
saturated / ft weeks 
measured during 
growing season 
ft wks wetter than 
-1 kPa / ft weeks 
measured during 
growing season 
Oe 7-0 23/64 
Ap 0-19 1 30/64 
Bg 19-21 fsl 38/64 
cig 21-33 fs 38/64 29/51 
C2g 33-39 fsl 41/64 
C3g 39-56 lfs 41/64 
C4 56-70 lfs 43/64 
C5g 70-102 1 47/64 
2C6 102-106 + cl 51/64 
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D. Chemical and Physical Parameters 
1. Dissolved Oxygen 
Dissolved oxygen concentrations and temperatures of the well water are shown 
in Figures 34-46. Broken lines in the data are indicative of either frozen or desiccate 
wells when measurements could not be made. Dissolved oxygen concentrations 
fluctuated with changing soil and water temperatures and alternating water table levels. 
In general, as soil temperatures lowered in the winter, dissolved oxygen concentrations 
increased as biological activity within the soil declined. During the summer, as soil 
temperatures increased, biological activity increased and dissolved oxygen concentrations 
decreased. Sites MA010.1 and MA010.2 consistently experienced dissolved oxygen 
concentrations of less than 4 mg/L except during the warm dry summer (July-September) 
of 1993 whereas site MAO 10.8 continuously exhibited high (> 6 mg/L) dissolved oxygen 
concentrations. Well sites across the meadow showed much greater variability in 
dissolved oxygen concentrations than sites within the forested swamp. Site MA011.4 
consistently experienced dissolved oxygen levels of around 7 mg/L whereas dissolved 
oxygen levels at site MAO 11.6 generally remained low (< 5 mg/L). 
2. Well Water Temperatures 
At the meadow wells, where the well water often froze during the winter and 
frequently lowered below the measuring depth of the well during the summer, well water 
temperatures differed by as much as 16.5°C between the winter minimum and summer 
maximum water temperatures. In contrast, water in wells within the protected forested 
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1991 1992 1993 
Figure 34. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(C) for well MA010.1. Broken lines indicate a frozen or desiccate 
well. 
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1991 1992 1993 
Figure 35. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA010.2. 
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1991 1992 1993 
Figure 36. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA010.3. 
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Figure 37. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA010.4. 
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Figure 38. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA010.6. 
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1991 1992 1993 
Figure 39. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(C) for well MA010.7. Broken lines indicate a frozen or desiccate 
well. 
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Figure 40. Dissolved oxygen concentrations (mg/L) and well water 
(°C) for well MA010.8. 
temperatures 
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1991 1992 1993 
Figure 41. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA011.1. Broken lines indicate a frozen or desiccate 
well. 
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1991 1992 1993 
1991 1992 1993 
Figure 42. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA011.2. Broken lines indicate a frozen or desiccate 
well. 
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1991 1992 1993 
1991 1992 1993 
Figure 43. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA011.4. Broken lines indicate a frozen or desiccate 
well. 
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1991 1992 1993 
Figure 44. Dissolved oxygen concentrations (mg/L) and well water temperatures 
( C) for well MA011.6. Broken lines indicate a frozen or desiccate 
well. 
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1991 1992 1993 
Figure 45. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA011.8. Broken lines indicate a frozen or desiccate 
well. 
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Figure 46. Dissolved oxygen concentrations (mg/L) and well water temperatures 
(°C) for well MA011.10. Broken lines indicate a frozen or desiccate 
well. 
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swamp, which neither froze in the winter nor desiccated in the summer (except during 
the summer of 1993), differed by as little as 4°C between the winter minimum and 
summer maximum water temperatures. Well water temperatures never exceeded soil 
temperatures for the same site. 
3. Soil Matric Potential 
Soil macropores have the ability to conduct water as well as to allow gaseous 
oxygen to enter the pore after the water has drained. If a soil has no conducting 
macropores, reducing conditions become more prevalent due to the slower diffusion rates 
of both air and water through the finer pores within the matrix. 
Soil matric potentials for specific horizons were measured at selected stations at 
the meadow and forested swamp (Fig. 47-53). Potentials for both the shallow and deeper 
measuring depths were similar for each individual well site throughout the monitoring 
period. The greater depth always showed more positive potentials, indicating saturation 
or close to saturation, than the shallower depth. Matric potentials at any one site, 
MA010.2 for example, remained within -7.5-kPa of saturation (0 kPa) until the warm, 
dry summer of 1993 when some matric potentials exceeded -50 kPa. The main 
difference between tensiometer measurements at the meadow and at the forested swamp 
was that during the onset of the warm, dry summer of 1993, tensiometers across the 
coarse-textured forested swamp quickly exceeded their measurement limit (-85 kPa), 
while across the finer-textured meadow, tensiometer readings were well within that limit. 
Tensiometers are used to measure soil matric potentials in a wide range of 
environments. As soil moisture is depleted by drainage or plant uptake, or as it is 
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Figure 47. Matric potentials (kPa) at selected depths for well MA010.1. 
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Figure 48. Matric potentials (kPa) at selected depths for wells MA010.2 and 
MA010.3. Broken lines indicate matric potentials that exceeded air- 
entry values of the ceramic porous cup. 
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Figure 49. Matric potentials (kPa) at selected depths for wells MA010.4 and 
MA010.6. Broken lines indicate matric potentials that exceeded limits 
of measurement. 
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Figure 50. Matric potentials (kPa) at selected depths for wells MA010.7 and 
MA010.8. Broken lines indicate matric potentials that exceeded limits 
of measurement. 
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Figure 51. Matric potentials (kPa) at selected depths for wells MA011.1 and 
MA011.2. 
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Figure 52. Matric potentials (kPa) at selected depths for wells MA011.4 and 
MA011.6. 
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Figure 53. Matric potentials (kPa) at selected depths for wells MAO 11.8 and 
MA011.10. 
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replenished by rainfall or irrigation, tensiometer readings change accordingly (Hillel, 
1982). Air temperatures below freezing often preclude matric potential measurements 
even though soil forming processes at temperatures below biologic zero (+5°C) are of 
considerable interest to the pedologist. We studied the applicability of methanol/water 
mixtures at various ratios to measure soil matric potentials as compared to pure water 
systems. Using the Wilcoxon signed rank test for paired data, no statistically significant 
difference between either of the methanol/water mixtures or the pure water system was 
found. The results indicate that field tensiometer data may be collected year round in 
unfrozen soils by using the appropriate concentration of methanol based on the minimum 
temperatures expected. 
4. Soil Oxidation-Reduction Measurements 
The oxidation-reduction (or redox) potential is the difference in potential between 
a platinum electrode and a hydrogen reference electrode (Back and Barnes, 1965). 
Redox potential quantitatively measures the tendency of soils to oxidize or to reduce. 
Soil redox potentials across the meadow and forested swamp at 25 cm and 50 cm are 
shown in Figures 54-60. The pH of the soil horizons within the meadow ranged between 
4.9 and 6.2 while the pH of the soil horizons within the forested swamp ranged between 
3.4 and 5.7 (see Appendix E). The pH of mineral soils often declines during the 
summer as a result of acids produced by microorganisms. Stability diagrams often are 
used to determine the speciation of an element under specific environmental conditions. 
The equilibrium Eh between amorphous ferric oxyhydroxide (Fe(OH)3) and Fe (II) would 
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Figure 54. Redox potentials (mV) at selected depths for well MA010 1 fnH 4 
^ Dashed line indicates transition Eh. ' 
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Figure 55. Redox potentials (mV) at selected depths for wells MA010.2 (pH 3.4) 
and MA010.3 (pH 4.7). Dashed line indicates transition Eh. 
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Figure 56. Redox potentials (mV) at selected depths for wells MA010.4 (pH 4.8) 
and MA010.6 (pH 5.7). Dashed line indicates transition Eh. 
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Figure 57. 
Re* (mV) at se,ected depths for wells MA010.7 (pH 5.4) 
and MA010.8 (pH 5.0). Dashed line indicates transition Eh. 
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Figure 58. Redox potentials (mV) at selected depths for wells MA011.1 (pH 5.3) 
and MA011.2 (pH 5.6). Dashed line indicates transition Eh. 
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Figure 59. Redox potentials (mV) at selected depths for wells MA011.4 (pH 5.4) 
and MA011.6 (pH 5.5). Dashed line indicates transition Eh. 
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Figure 60. Redox potentials (mV) at selected depths for wells MA011.8 (pH 6.1) 
and MA011.10 (pH 5.3). Dashed line indicates transition Eh. 
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occur near +325 mV within the meadow and would occur near +400 mV within the 
forested swamp (Collins and Buol, 1970). 
Eh values at 25 cm and 50 cm were frequently less than +100 mV at the meadow 
wells MAO 11.1 and MA011.10, and at the forest well MA010.1. Wells MAO 10.3 and 
MAO 10.4 within the forested swamp, consistently remained at or above +600 mV during 
the entire monitoring period. Soils across the forested swamp, that were predominantly 
organic and topographically lower on the landscape, experienced longer periods of 
saturation within the measured horizons and also experienced much longer periods of 
reducing conditions (slightly positive to slightly negative Eh) than other soil pedons on 
the same site. Even at one of the topographically highest positions within the forest, 
(MAO 10.8; pH 5.0), the Eh at 50 cm depth ranged between -50 mV and +200 mV 
during the 1992 growing season. At the meadow, soil Eh also differed with topographic 
position. At the topographically lower wells, where groundwater table data showed 
saturation to the soil surface, soil redox potentials generally were negative. This was in 
sharp contrast to the somewhat higher locations which had Eh values ranging between 
+300 mV and +500 mV. 
Prolonged anaerobic soil conditions typically lower the soil redox potential and 
cause chemical reduction of iron and manganese. This chemical reduction affects the 
solubility, movement, and aggregation of these oxides as reflected in soil color and other 
morphological characteristics usually indicative of hydric soils. When a soil is flooded, 
oxygen is consumed and the Eh falls as microorganisms use alternative electron acceptors 
during anaerobic respiration (Ponnamperuma, 1972; Gambrell and Patrick, 1978). 
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5. Ferrous and Total Iron 
Figures 61-67 show ferrous and total iron concentrations of soil water obtained 
over the two-year measuring period. Ferrous iron represents reduced iron while ferric 
(oxidized) iron is depicted as the difference between total and ferrous iron. Highest iron 
concentrations were found in wells MA010.1 (10-77 mg/L), MA010.2 (3-17 mg/L), and 
MA011.1 (1-8 mg/L). Well MA010.3 showed noticeable concentrations of ferric iron 
while maintaining low levels of ferrous iron. All other wells had negligible (< 1 mg/L) 
concentrations of both ferrous and ferric iron over the monitoring period. 
The presence of ferrous iron in soil water also was evaluated using a, a - 
dipyridyl (Childs, 1981). a, a - Dipyridyl reacts with ferrous iron to produce a color 
which ranges from light pink to dark red depending on the ferrous iron concentration. 
To quantify the qualitative a, a - dipyridyl test, soil water samples of a constant volume 
were tested for the development of a pink or red color. Dutch BoyR color chips ranging 
from 11 (very light faint pink) to 96 (very dark deep red) were compared with known 
ferrous iron concentrations. Childs (1981) qualified the test results based on a qualitative 
color scheme. A red to deep red color indicated ferrous iron concentrations greater than 
4 mg/L, a pale pink to pink color indicated ferrous iron concentrations of 0.2 mg/L to 
4 mg/L, while no detectable color corresponded to ferrous iron concentrations of less 
than 0.2 mg/L. Comparison results are shown in Figure 68. Dutch BoyR color chips 9-4 
through 9-6, a very deep dark red, corresponded to ferrous iron concentrations greater 
than 4 mg/L and as high as 77 mg/L. Color chips 1-6 through 6-3, a pale pink to deep 
pink, corresponded to ferrous iron concentrations ranging between 0.4 mg/L and 2 mg/L. 
No detectable colors had ferrous iron concentrations less than 0.4 mg/L. 
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Figure 61. Ferrous and total iron concentrations (mg/L) of soil water for well 
MA010.1. Broken lines indicate a frozen or desiccate well. 
151 
m
g
/L
 
m
g
/ 
1991 1992 1993 
1991 1992 1993 
Figure 62. Ferrous and total iron concentrations (mg/L) of soil water for wells 
MA010.2 and MA010.3. 
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Figure 63. Ferrous and total iron concentrations (mg/L) of soil water for wells 
MA010.4 and MA010.6. 
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Figure 64. Ferrous and total iron concentrations (mg/L) of soil water for wells 
MA010.7 and MA010.8. Broken lines indicate a frozen or desiccate 
well. 
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Figure 65. 
ff'™"8 ,and total lron concentrations (mg/L) of soil water for wells 
MA011.1 and MA011.2. Broken lines indicate a frozen or desiccate 
well. 
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Figure 66. Ferrous and total iron concentrations (mg/L) of soil water for wells 
MA011.4 and MA011.6. Broken lines indicate a frozen or desiccate 
well. 
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Figure 67. Ferrous and total iron concentrations (mg/L) of soil water for wells 
MA011.8 and MA011.10. Broken lines indicate a frozen or desiccate 
well. 
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Figure 68. 
Dutch BoyK color chip values in relation to a, a-dipyridyl test for the 
SloOfi !err0Urf Vl,lues USed ra,,Red rrom 11 <vcry faint pink) to 96 (very dark deep red). 
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Water from monitoring wells having low concentrations of ferrous iron also 
showed no reaction to a, a- dipyridyl. Measureable ferrous iron concentrations were 
weakly correlated with a, a- dipyridyl colors in wells MA010.1, MA010.2, and 
MA011.1 (see Table 28). These wells had ferrous iron concentrations greater than 4 
mg/L and a, a- dipyridyl Dutch BoyR colors of between 9-4 and 9-6. These correlations 
were statistically insignificant due to the fact that actual ferrous iron concentrations 
generally fluctuated over a fairly large range (between 4 mg/L and 77 mg/L), whereas 
the Dutch BoyR colors only varied between 9-4 and 9-6. In contrast, site MA010.3 was 
moderately correlated with a, a- dipyridyl colors. This was caused by a constant, low, 
ferrous iron output along with detectable a, a- dipyridyl colors. 
Ferrous iron concentrations and redox potentials at 50 cm depth were weakly 
correlated (see Table 28). Weak correlations may have been due to fairly constant Eh 
values at the wetter sites but highly variable ferrous iron concentrations. Drier wells 
displayed the opposite, a highly variable redox potential and fairly constant ferrous iron 
concentrations. Ferrous iron concentrations and dissolved oxygen concentrations also 
were weakly correlated (see Table 28). 
Other comparisons performed included a, a- dipyridyl colors, and selected 
physical and chemical soil parameters including ferrous iron concentration, dissolved 
oxygen content, redox potential, and matric potential (see Fig. 69-72). 
The a, a- dipyridyl test has several limitations including the presence of soluble 
organic matter and light when ferric iron may remain reduced even under oxidizing 
conditions (Lee and Stumm, 1960; McMahon, 1967; Heany and Davidson, 1977). The 
pH is important in determining the rate of this reduction process. Figures 73-79 show 
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Table 28. Linear correlation coefficients comparing ferrous iron concentrations 
(dependent variable) with a, a-dipvridyl color, dissolved oxygen 
concentrations, and redox potentials at 50 cm. 
Ferrous Iron a, a-dipyridyl DO 
(mg/L) 
Redox (50-cm) 
(mV) 
MA010.1 0.20 0.08 — 
MA010.2 0.02 0.01 — 
MA0I0.3 0.45 0.00 0.06 
MA010.4 — 0.07 0.04 
MA010.6 — 0.25 0.03 
MA010.7 — 0.28 0.00 
MA010.8 — 0.14 0.03 
MA011.1 0.13 0.05 0.03 
MA011.2 — 0.19 0.17 
MA011.4 — 0.32 0.10 
MA011.6 — 0.07 0.12 
MA011.8 — 0.08 0.04 
MA011.10 — 0.16 — 
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solution pH of the well water. Below a pH of 3, reduction proceeds more rapidly 
relative to rates at pH values closer to neutral (Theis and Singer, 1973). A wide 
range of organic substances form light-sensitive ferric complexes in natural aquatic 
systems (Theis and Singer, 1973). Soils rich in organic matter, containing ferric- 
organic complexes, could give positive tests for ferrous iron due to photochemical 
reduction during the test. Of the wells which water tested strongly positive for 
ferrous iron using a, a - dipyridyl, only wells MA010.1 and MA010.2 have organic 
soils. In these soils, the a, ol - dipyridyl test to measure ferrous iron concentration 
would need further investigation to judge its reliability. The 1, 10 Phenanthroline 
spectrophotometric method (Ransom and Smeck, 1986) was used at these well sites 
(MA010.1 and MA010.2) to determine ferrous iron concentrations. Concentrations 
greater than 4 mg/L generally were found and this agreed with a highly positive 
reaction to a, a - dipyridyl. 
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Figure 69. Ferrous iron concentrations versus Dutch BoyR color chip values for 
a, a-dipyridyl. 
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Figure 70. 
a, a-dipyridyl 
Dutch Boy„ color chip values for a, a-dipyridyl versus dissolved 
oxygen concentrations. 
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Figure 71. Dutch^BoyR color chip values for a, a-dipyridyl versus redox 
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Figure 72. Dutch_BoyR color chip values for a, a-dipyridyl versus matric 
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Figure 73. Groundwater pH values for well MA010.1. Broken lines indicate a 
frozen or desiccate well. 
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Figure 74. Groundwater pH values for wells MA010.2 and MA010.3. 
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Figure 75. Groundwater pH values for wells MA010.4 and MA010.6. Broken 
lines indicate a frozen or desiccate well. 
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Figure 76. Groundwater pH values for wells MA010.7 and MA010.8. Broken 
lines indicate a frozen or desiccate well. 
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Figure 77. Groundwater pH values for wells MA011.1 and MA011.2. Broken 
lines indicate a frozen or desiccate well. 
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Figure 78. Groundwater pH values for wells MA011.4 
lines indicate a frozen or desiccate well. 
and MA011.6. Broken 
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Figure 79. Groundwater pH values for wells MA011.8 and MA011.10. Broken 
lines indicate a frozen or desiccate well. 
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E- Well Site Characteristics and Temporal Variability 
Site MA010.1 had hydric soils and 100% of the dominant vegetation was 
facultative (FAC) or wetter. The Oe horizon at a depth of 25 cm had a matrix chroma 
of 1 and was saturated for 52 of 63 weeks during the growing season and wetter than -1 
kPa for 43 of 59 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables remained constant at 
or slightly above the ground surface. Dissolved oxygen concentrations for this period 
were low, particularly during the winter months, a time usually characterized by low 
temperatures, less biological activity, and hence higher dissolved oxygen levels. Soil 
temperatures at 50 cm depth usually fell below +5°C in early January and again 
exceeded +5°C by mid-March; however, these temperatures were never lower than 
+4°C. Matric potentials during this period indicate total or almost total saturation, while 
redox potentials (pH 4.1) are very low indicative of reducing conditions. Throughout 
the winter, significant amounts of ferrous iron were measured (see Fig. 61). 
During the warm, dry summer of 1993 (June-September), when precipitation 
averaged 3 cm to 8 cm less per month than the 150-yr measured average (see Fig. 20), 
the groundwater table dropped to below the well. Dissolved oxygen concentrations 
increased (less biological activity) and soil temperatures increased. Matric potentials 
became more negative and redox potentials increased sharply, pointing to a greater 
aeration of the soil. Ferrous iron concentrations during this period increased, indicating 
an off-site source for this reduced iron. Numerous areas of upwelling groundwater may 
be seen near this location. 
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Site MA010.2 had hydric soils and 75% of the dominant vegetation was 
facultative (FAC) or wetter. The 34-cm thick Oel horizon, composed of hemic organic 
matter and having a matrix chroma of 2, was saturated for 7 of 76 weeks during the 
growing season and wetter than -1 kPa for 37 of 57 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables varied between 10 cm 
and 50 cm below the ground surface. Dissolved oxygen concentrations for this period 
were low (increase in biological activity), particularly during the winter months. Soil 
temperatures at 50 cm depth usually fell below biologic zero in early January and again 
exceeded +5°C by early April; however, temperatures were never lower than +3°C. 
Matric potentials indicated saturation or close to saturation at 25 cm, while redox 
potentials (pH 3.4) were low and showed reducing conditions. Significant amounts of 
ferrous iron were produced (see Fig. 62). 
During the summer of 1993 (June-September), when precipitation averaged 3 cm 
to 8 cm less per month than the 150-yr measured average (see Fig. 20), the groundwater 
table dropped to below the greatest well depth. Dissolved oxygen and ferrous iron 
concentrations could not be measured during this period. Matric potentials dropped 
sharply to -50 kPa and redox potentials rose sharply indicating greater aeration within 
the soil. 
At site MA010.3, the soils were nonhydric and only 25% of the dominant 
vegetation was facultative (FAC) or wetter. The 25-cm thick A horizon had a sandy 
loam texture and a matrix chroma of 2 and remained unsaturated for both growing 
seasons measured. Tensiometers also indicated moisture potentials wetter than -1 kPa 
for 0 of 57 weeks during the growing season. The 20-cm thick Bw horizon, having a 
loamy sand texture, a matrix chroma of 6, and a dominant mottle chroma of 2 was 
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unsaturated during both growing seasons and wetter than -1 kPa for 0 of 57 weeks during 
the growing season. 
From October 1991 through June 1993, groundwater tables remained between 70 
cm and 110 cm below the ground surface. Dissolved oxygen concentrations for this 
period were low (increase in biological activity), particularly during the winter months, 
and showed more oscillations than adjacent well sites. Matric potentials were slightly 
negative, while redox potentials (pH 4.7) were high and indicated more aerated soil 
conditions. This all results in a low, yet measureable output of ferrous iron (see Fig. 
62). Just like site MA010.2, this may point to an off-site source for reduced iron. 
Numerous areas of upwelling groundwater were observed within 15 m of the well. 
During the summer of 1993 (June-September), the groundwater table quickly 
dropped to below the measureable well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured. Matric potentials quickly dropped to -50 kPa and 
redox potentials, already high, fluctuated at an even higher level indicating greater 
aeration within the soil. 
Site MA010.4 had non-hydric soils and 67% of the dominant vegetation was 
facultative (FAC) or wetter. The 12-cm thick C2 horizon, at a depth of 20 cm, had a 
coarse sand texture, a matrix chroma of 3, a dominant mottle chroma of 3, and was 
saturated for 2 of 76 weeks during the growing season and wetter than -1 kPa for 2 of 
57 weeks during the growing season. At 45 cm, the C3g horizon, extending below a 
depth of 68 cm, had a sand texture, a matrix chroma of 1, and was saturated for 59 of 
76 weeks during the growing season and wetter than -1 kPa for 36 of 57 weeks during 
the growing season. 
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From October 1991 through June 1993, groundwater tables generally remained 
at 40 cm below the ground surface except for the period July to October 1992 when it 
fell to a depth of 60 cm. Dissolved oxygen concentrations remained fairly low during 
the study period. Matric potentials indicated saturation or were slightly negative, while 
redox potentials (pH 4.8) were high and fluctuating, indicative of a more aerated soil 
condition. Ferrous iron was not produced in measureable amounts (< 1 mg/L) during 
this period (see Figure 63). 
During the summer of 1993 (June-September), the groundwater table quickly 
dropped to below the lowest well level and dissolved oxygen and ferrous iron could not 
be determined. Matric potentials quickly dropped to -10 kPa within the C2 horizon and 
to -50 kPa within the C3g horizon, while redox potentials, already high, maintained their 
elevated level, indicating greater aeration within the soil. 
Site MAO 10.6 had hydric soils and 86% of the dominant vegetation was 
facultative (FAC) or wetter. At 20 cm depth in the 32-cm thick Oel horizon, the soil 
had a matrix chroma of 1. This horizon remained unsaturated throughout the growing 
seasons measured and wetter than -1 kPa for 13 of 52 weeks during the growing season. 
Horizon 2C3, with a loamy sand texture, a matrix chroma of 4, and a mottle chroma of 
1 was saturated for 36 of 69 weeks during the growing season and wetter than -1 kPa for 
28 of 52 weeks during the growing season. 
Groundwater tables from October 1991 through June 1993 generally remained at 
between 20 cm and 40 cm below the ground surface except July to October 1992 when 
it fell to a depth of 90 cm. Dissolved oxygen concentrations during the study period 
gradually decreased. Soil temperatures at 50 cm depth fell below 5°C by late January 
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and again exceeded biological minimum by mid-April. Temperatures were never lower 
than +3 C. Matric potentials indicated saturation or were slightly negative. Potentials 
within the 2C3 horizon were closest to saturation. Redox potentials (pH 5.7) were 
consistently low through September 1992 (indicative of reducing conditions), yet 
oscillated between low and high values for the balance of the monitoring period (through 
June 1993). Negligible « 1 mg/L) amounts of ferrous iron were produced during the 
monitoring period (see Fig. 63). 
Between June and September of 1993, the groundwater table quickly dropped to 
below the maximum well levels and dissolved oxygen and ferrous iron concentrations 
could not be measured. Matric potentials dropped to -50 kPa within the Oel horizon and 
slowly exceeded -40 kPa within the 2C3 horizon, while redox potentials, already high, 
maintained their elevated level, indicating greater aeration within the soil. 
Site MA010.7, had non-hydric soils, yet 100% of the dominant vegetation was 
facultative (FAC) or wetter. The 81-cm thick C horizon had a sand texture, a matrix 
chroma of 4, a mottle chroma of 1, and was saturated for 39 of 69 weeks during the 
growing season and wetter than -1 kPa for 22 of 52 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables were highly variable, 
generally ranging from the ground surface during the winter of 1992, to as low as 100 
cm during the summer of 1992 (September-October). Dissolved oxygen concentrations 
during the study period gradually, yet steadily decreased. Matric potentials indicated 
saturation or close to saturation at 25 cm and 40 cm depths within the C horizon. Redox 
potentials (pH 5.4) were initially low, yet gradually increased through March of 1993 
showing a more aerated soil environment. A negligible (< 1 mg/L) output of ferrous 
iron was measured (see Fig. 64). 
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During the 1993 summer, the groundwater table quickly dropped to below the 
maximum well depth. Dissolved oxygen and ferrous iron concentrations therefore could 
not be measured. Matric potentials quickly dropped to -50 kPa within the C horizon, 
while redox potentials quickly increased, pointing to a more aerated soil condition. 
Site MA010.8 had non-hydric soils and 63% of the dominant vegetation was 
facultative (FAC) or wetter. The 19-cm thick Bs horizon had a sandy texture, a matrix 
chroma of 4, and was saturated for 0 of 66 weeks during the growing season and wetter 
than -1 kPa for 2 of 56 weeks during the growing season. Horizon Clg, had a sandy 
texture, a matrix chroma of 2, a dominant mottle chroma of 8, and at a depth of 50 cm 
was saturated for 4 of 66 weeks during the growing season and wetter than -1 kPa for 
4 of 56 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables were variable. 
Groundwater tables were as high as 35 cm to 60 cm below the ground surface from 
January through March of 1992 and were as low as 100 cm below the ground surface 
during the summer of 1992 (July-October). Dissolved oxygen concentrations were very 
high in the winter and decreased slightly during the spring and summer as temperatures 
rose and biological activity increased. Matric potentials were at -10 kPa during the 
summer of 1992 (June-October) and slowly indicated greater saturation by December of 
1992. From June 1992 through March 1993, redox potentials within the Clg horizon (pH 
5.0) were low indicating reducing conditions while potentials within the Bs horizon were 
high showing a more aerated soil condition. Redox potentials converged to low levels 
during the month of April 1993. Negligible (< 1 mg/L) amounts of ferrous iron were 
measured at this site (see Fig. 64). 
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From June through September of 1993, the groundwater table quickly dropped 
to below the measureable well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured during that period. Matric potentials quickly 
exceeded -50 kPa within both the Bs and the Clg horizons, while redox potentials rapidly 
increased for both depths, indicating greater aeration within the soil. 
Site MA011.1 had hydric soils and 83% of the dominant vegetation was 
facultative (FAC) or wetter. At a depth of 25 cm, the 16-cm thick Bg horizon had a fine 
sandy loam texture, a matrix chroma of 1, a dominant mottle chroma of 3, and was 
saturated for 24 of 56 weeks during the growing season and wetter than -1 kPa for 22 
of 52 weeks during the growing season. The 15-cm thick C2 horizon had a silt loam 
texture, a matrix chroma of 4, and at a depth of 50 cm was saturated for 33 of 56 weeks 
during the growing season and wetter than -1 kPa for 29 of 52 weeks during the growing 
season. 
Groundwater tables remained at or above the ground surface from September 
through November and March through May of each monitoring year. Groundwater 
tables varied with precipitation events during the summers. Dissolved oxygen 
concentrations were variable, but were generally higher in the winter indicating decreased 
biological activity and were lower in the summer. Soil temperatures varied significantly, 
approaching 0°C during the winter months (January-March) and +20°C during the 
summer months (July-September). Matric potentials indicated saturation or close to 
saturation except during the summer of 1992 (July-September) when potentials were 
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slightly negative. Redox potentials (pH 5.3) were low indicating reducing conditions. 
At this site, a variable output of ferrous iron was measured (see Figure 65) which 
fluctuated with changing soil aeration conditions. 
During the warm, dry summer of 1993 (June-September) the groundwater table 
quickly dropped to below the maximum well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured. Matric potentials slowly decreased, indicative of 
a less saturated soil environment and redox potentials rapidly increased for both depths, 
indicating greater aeration within the soil. At the onset of these seasonal changes, while 
redox potentials were still low, ferrous iron concentrations began to steadily increase and 
continued until June 1993, when water samples were no longer attainable in the well. 
Site MA011.2 had non-hydric soils and 78% of the dominant vegetation was 
facultative (FAC) or wetter and grew upon a non-hydric soil substrate. At a soil depth 
of 25 cm, the 12-cm thick B horizon had a loamy sand texture, a matrix chroma of 3, 
a dominant mottle chroma of 8, and was saturated for 25 of 66 weeks during the growing 
season and wetter than -1 kPa for 14 of 52 weeks during the growing season. The 34-cm 
thick 2C2 horizon had a fine sand texture, a matrix chroma of 3, a dominant mottle 
chroma of 4, and at a depth of 50 cm was saturated for 31 of 66 weeks during the 
growing season and wetter than -1 kPa for 18 of 52 weeks during the growing season. 
Groundwater tables remained within 20 cm of the ground surface and fluctuated 
most frequently during January, February, and during the summer months of 1992 (May- 
September). Dissolved oxygen concentrations were variable, but were generally higher 
in the winter (decrease in biological activity) and lower in the summer. Soil 
temperatures were quite variable, approaching 0°C during the winter months (December- 
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April) and +22°C during the summer months (July-September). Matric potentials 
indicated saturation or close to saturation except during the summer of 1992 (July- 
September), when potentials were slightly negative. Redox potentials (pH 5.6) were low 
within the B horizon (indicating reducing conditions), while potentials within the 2C2 
horizon pointed to a more aerated soil. Negligible (< 0.5 mg/L) amounts of ferrous 
iron were measured (see Fig. 65). 
During the 1993 summer (June-September), the groundwater table quickly 
dropped to below the maximum well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured. Matric potentials within the B horizon rapidly 
approached -50 kPa while redox potentials increase, showing greater aeration within the 
soil. 
At site MAO 11.4, 67% of the dominant vegetation was facultative (FAC) or 
wetter and the soils were hydric. At a depth of 25 cm, the 41-cm thick Clg horizon had 
a silt loam texture, a matrix chroma of 2, a dominant mottle chroma of 8, and was 
saturated for 21 of 66 weeks during the growing season and wetter than -1 kPa for 11 
of 52 weeks during the growing season. 
Groundwater tables generally remained within 30 cm of the ground surface and 
fluctuated most frequently during the summer months of 1992 (May-September). 
Dissolved oxygen concentrations were variable, but were generally higher in the winter, 
especially during the winter of 1992 (decrease in biological activity) and lower in the 
summer. Matric potentials indicated saturation or close to saturation except during the 
summer of 1992 (July-September) when potentials were slightly negative. Redox 
potentials (pH 5.4) were variable and generally decreased during the course of the 
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monitoring period. Negligible (< 0.5 mg/L) amounts of ferrous iron were observed (see 
Fig. 66). 
During the summer of 1993 (June-September), the groundwater table quickly 
dropped to below the maximum well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured. Matric potentials within the Clg horizon slowly 
approached -28 kPa by September 1993. Redox potentials in the lower portion of the 
Clg rose sharply while potentials in the upper portion of the horizon increased slowly. 
Both depths indicated a greater aeration within the soil. 
Site MA011.6 had hydric soils and 100% of the dominant vegetation was 
facultative (FAC) or wetter. The 18-cm thick C2g horizon had a loamy fine sand 
texture, a matrix chroma of 2, a dominant mottle chroma of 1, and at a soil depth of 25 
cm was saturated for 33 of 65 weeks during the growing season and wetter than -1 kPa 
for 25 of 51 weeks during the growing season. The 21-cm thick C3g horizon had a sand 
texture, a matrix chroma of 2, a dominant mottle chroma of 8, and at a depth of 45 cm 
was saturated for 41 of 65 weeks during the growing season and wetter than -1 kPa for 
28 of 51 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables were highest (closest 
to the ground surface datum) from September through December and March through 
April of each monitoring year. Dissolved oxygen concentrations were variable, but were 
generally higher in the winter (less biological activity) and lower in the summer. Matric 
potentials indicated saturation or close to saturation except during the summer of 1992 
(July-September) when potentials were negative. Redox potentials (pH 5.5) were low 
within the C2g horizon indicating reducing conditions, while potentials within the C3g 
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horizon pointed to greater aeration. This led to the negligible amounts (<0.5 mg/L) 
of ferrous iron in the well water (see Fig. 66). 
During the warm, dry summer of 1993 (June-September), the groundwater table 
quickly dropped to below the measureable well depth and dissolved oxygen and ferrous 
iron concentrations could not be measured during this period. Matric potentials within 
both horizons exceeded -50 kPa by September 1993, while redox potentials increased 
substantially in both horizons, leading to greater aeration within the soil. 
At site MAO 11.8, 89% of the dominant vegetation was facultative (FAC) or 
wetter and the soils were hydric. The 13-cm thick Clg horizon had a fine sandy loam 
texture, a matrix chroma of 2, a dominant mottle chroma of 8, and was saturated for 36 
of 64 weeks during the growing season and at a depth of 25 cm wetter than -1 kPa for 
28 of 51 weeks during the growing season. The 64-cm thick C2 horizon had a fine 
sandy loam texture, a matrix chroma of 3, a dominant mottle chroma of 8, and was 
saturated for 44 of 64 weeks during the growing season and at a depth of 50 cm wetter 
than -1 kPa for 28 of 51 weeks during the growing season. 
From October 1991 through June 1993, groundwater tables were highest (closest 
to the ground surface) from September through December and March through April of 
each monitoring year. Dissolved oxygen concentrations were variable, but were 
generally higher in the winter (less biological activity) and lower in the summer. Soil 
temperatures were variable, approaching 0°C during the winter months (December-April) 
and +20°C during the summer months (July-September). Matric potentials showed soil 
saturation or close to saturation except during the summer of 1992 (July-September) 
when potentials were slightly negative. Redox potentials (pH 6.1) were low within both 
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horizons indicating reducing conditions except during the winter of 1993 when redox 
potentials fluctuated between a reducing and a more aerated soil environment. The well 
water at this site had negligible (< 0.5 mg/L) concentrations of ferrous iron during the 
monitoring period (see Fig. 67). 
During the summer of 1993 (June-September) the groundwater table quickly 
dropped to below the measureable well depth and dissolved oxygen and ferrous iron 
concentrations could not be measured. Matric potentials within both horizons slowly 
approached -30 kPa while redox potentials rapidly increased, indicating greater aeration 
within the soil. 
Site MA011.10 had hydric soils and 100% of all dominant vegetation was 
facultative (FAC) or wetter. At a soil depth of 25 cm, the Clg horizon had a fine sand 
texture, a matrix chroma of 2, a dominant mottle chroma of 8, and was saturated for 38 
of 64 weeks during the growing season and wetter than -1 kPa for 29 of 51 weeks during 
the growing season. 
From October through December and April through May of each monitoring year, 
groundwater tables remained constantly at or slightly above the ground surface datum. 
Greatest fluctuations in the groundwater table occurred during the summer of 1992 (May- 
September). Dissolved oxygen concentrations were variable, but were generally higher 
in the winter showing less biological activity and lower in the summer. Matric potentials 
indicated saturation or close to saturation. Redox potentials (pH 5.3) were very low and 
indicated reducing conditions. The output of ferrous iron was low (see Fig. 67). 
During the 1993 summer (June-September), the groundwater table quickly 
dropped to below the measureable well depth and dissolved oxygen and ferrous iron 
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concentrations could not be measured. Matric potentials within the Clg horizon 
approached -30 kPa while redox potentials slowly increased, indicating greater aeration 
within the soil. Prior to becoming a more aerated soil, between the months of April and 
June 1993, soil matric potentials and Eh rapidly decreased, and a sharp increase in 
ferrous iron output and total iron output was observed. 
F. Vegetational Analysis 
An area has hydrophytic vegetation when under normal circumstances more than 
50 percent of the dominant species from all strata are obligate wetland (OBL), facultative 
wetland (FACW), and/or facultative (FAC) species (Corps of Engineers Environmental 
Lab, 1987; Federal Interagency Committee for Wetland Delineation, 1989). To assess 
the vegetation in a particular plot, the quadrat comprehensive vegetative sampling method 
was used. Results are shown in Tables 29-43. 
Plants that grow in wetlands adapt in one way or another to life in permanently 
or periodically inundated or saturated soils. Plants that cannot adapt quickly enough to 
the changing soil saturation levels succumb. Station MAO 10.3, within the forested 
swamp, was characterized by 71% of its dominant vegetation having a FACU status or 
drier (Quercus alba, Pinus strobus, and Tsuga canadensis). These evergreen dominated 
wetlands occur in many parts of the country. In fact, hemlock is included as possible 
wetland species in the Massachusetts freshwater wetland regulations. Trees like White 
Oak, White Pine, and Canadian Hemlock may occur in dense stands often precluding the 
establishment of understory vegetation, or in some cases, the understory also consists of 
facultative upland species. 
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Table 29. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.1. 
MA010.1 
Strata Dominant Species Cover/BA Status 
Herb Symplocarpus foetidus 25 OBL 
Other 21 
Total of averages 46 
Shrub Rhus vemix 11 OBL 
Ilex verticillata 11 FACW 
Other 14 
Total of averages 36 
Sapling — 
Tree Acer rubrum 1.0 FAC 
Betula lutea 0.7 FAC 
Other 0.3 
Total basal area 2.0 
Total percent FAC or WETTER 100% 
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Table 30. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.2. 
MA010.2 
Strata Dominant Species Cover/BA Status 
Herb Symplocarpus foetidus 8.3 OBL 
Other 5.5 
Total of averages 13.8 
Shrub Taxus canadensis 3 FAC 
Tsuga canadensis 3 FACU 
Hamamelis virginiana 3 FAC 
Total of averages 9 
Sapling Acer rubrum 3 FAC 
Lindera benzoin 3 FACW 
Total of averages 6 
Tree Tsuga canadensis 3.2 FACU 
Betula lutea 1.3 FAC 
Other 0.7 
Total basal area 5.2 
Total percent FAC or WETTER 75% 
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Table 31. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.3. 
MA010.3 
Strata Dominant Species Cover/BA Status 
Herb Osmunda cinnamomea 1.9 FACW 
Aralia nudicaulis 0.6 FACU 
Other 0.6 
Total of averages 3.1 
Shrub Hamamelis virginiana 3 FAC 
Tsuga canadensis 3 FACU 
Total of averages 6 
Sapling Tsuga canadensis 11 FACU 
Other 3 
Total of averages 14 
Tree Quercus alba 2.6 FACU 
Pinus strobus 0.8 FACU 
Other 0.4 
Total basal area 3.8 
Total percent FAC or WETTER 25% 
\ 
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Table 32. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.4. 
MA010.4 
Strata Dominant Species Cover/BA Status 
Herb Osmunda cinnamomea 33 FACW 
Other 17 
Total of averages 50 
Shrub Pinus strobus 3 FACU 
Tsuga candensis 3 FACU 
Vaccinium corymbosum 3 FACW 
Rhamnus frangula 3 FAC 
Total of averages 12 
Sapling Carpinus caroliniana 11 FAC 
Tsuga canadensis 11 FACU 
Other 2 
Total of averages 24 
Tree Acer rubrum 0.8 FAC 
Ulmus americana 0.3 FACW 
Total basal area 1.1 
Total percent FAC or WETTER 67% 
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Table 33 Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.5 
MA010.5 
Strata Dominant Species Cover/BA Status 
Herb Symplocarpus foetidus 21.2 OBL 
Other 10.4 
Total of averages 31.6 
Shrub Ulnus americana 21 FACW 
Tsuga candensis 11 FACU 
Other 11 
Total of averages 43 
Sapling Fraxinus nigra 5 FACW 
Total of averages 5 
Tree Acer rubrum 3.5 FAC 
Other 0.7 
Total basal area 4.2 
Total percent FAC or WETTER 80% 
\ 
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Table 34. Percent cover or relative basal area of dominant vegetation bv strata 
at site MA010.6. 
MA010.6 
Strata Dominant Species Cover/BA Status 
Herb Symplocarpus foetidus 39 OBL 
Other 15 
Total of averages 54 
Shrub Ilex verticillata 11 FACW 
Lindera benzoin 3 FACW 
Pinus strobus 3 FACU 
Fraxinus nigra 3 FACW 
Other 6 
Total of averages 26 
Sapling — 
Tree Acer rubrum 0.8 FAC 
Betula lutea 0.6 FAC 
Total basal area 1.4 
Total percent FAC or WETTER 86% 
\ 
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Table 35. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.7. 
MA010.7 
Strata Dominant Species Cover/BA Status 
Herb Symplocarpus foetidus 48 OBL 
Other 14 
Total of averages 62 
Shrub Ilex verticillata 21 FACW 
Other 15 
Total of averages 36 
Sapling — 
Tree Acer rubrum 0.2 FAC 
Total basal area 0.2 
Total percent FAC or WETTER 100% 
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Table 36. Percent cover or relative basal area of dominant vegetation by strata 
at site MA010.8. 
MA010.8 
Strata Dominant Species Cover/BA Status 
Herb Osmunda cinnamomea 16 FACW 
Maianthemum canadense 12 FAC 
Other 9 
Total of averages 37 
Shrub Tsuga canadensis 11 FACU 
Pinus strobus 3 FACU 
Other 12 
Total of averages 26 
Sapling Nyssa sylvatica 11 FACW 
Amelanchier sp. 11 FAC 
Total of averages 22 
Tree Acer rubrum 1.5 FAC 
Pinus strobus 1.0 FACU 
Other 0.5 
Total basal area 3.0 
Total percent FAC or WETTER 63% 
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Table 37. Percent cover or relative basal area of dominant vegetation bv strata 
at site MA011.1. 
MA011.1 
Strata Dominant Species Cover/BA Status 
Herb Scirpus cyperinus 23 FACW 
Carex II. 20 FACW 
Other 29 
Total of averages 72 
Shrub Spiraea sp. 3 FAC 
Vaccinium corymbosum 3 FACW 
Amelanchier sp. 3 FAC 
Salix discolor 3 FACW 
Populus tremuloides 3 FACU 
Comus amomum 3 FACW 
Total of averages 18 
Sapling — 
Tree — 
Total percent FAC or WETTER 88% 
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Table 38. Percent cover or relative basal area of dominant vegetation by strata 
at site MA011.2. 
MA011.2 
Strata Dominant Species Cover/BA Status 
Herb Potentilla simplex 18.4 FACU 
Solidago rugosa 11.5 FAC 
Other 13.4 
• Total of averages 43.3 
Shrub Vaccinium corymbosum 3 FACW 
Pinus strobus 3 FACU 
Amelanchier sp. 3 FAC 
Spiraea sp. 3 FAC 
Viburnum recognitum 3 FACW 
Comus amomum 3 FACW 
Rhamnus frangula 3 FAC 
Total of averages 21 
Sapling — 
Tree — 
Total percent FAC or WETTER 78% 
195 
Table 39. Percent cover or relative basal area of dominant vegetation by strata 
at site MA011.4. 
MA011.4 
Strata Dominant Species Cover/BA Status 
Herb Potentilla simplex 16.4 FACU 
Solidago rugosa 11.2 FAC 
Other 5.6 
• Total of averages 33.2 
Shrub Vaccinium corymbosum 3 FACW 
Viburnum recognitum 3 FACW 
Rhamnus frangula 3 FAC 
Spiraea latifolia 3 FAC 
Prunus serotina 3 FACU 
Amelanchier sp. 3 FAC 
Vaccinium angustifolium 3 FACU 
Rosa multiflora 3 FACU 
Comus amomum 3 FACW 
Acer rubrum 3 FAC 
Total of averages 30 
Sapling — 
Tree — 
Total percent FAC or WETTER 67% 
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Table 40. Percent cover or relative basal area of dominant vegetation bv strata 
at site MA011.6. 
MA011.6 
Strata Dominant Species Cover/BA Status 
Herb Carex sp. 10 FACW 
Thelypteris palustris 9 FACW 
Scirpus cyperinus 9 FACW 
Other 22 
Total of averages 50 
Shrub Vaccinium corymbosum 21 FACW 
Other 15 
Total of averages 36 
Sapling Betula populifolia 21 FAC 
Total of averages 21 
Tree — 
Total percent FAC or WETTER 100% 
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Table 41. Percent cover or relative basal area of dominant vegetation bv strata 
at site MA011.8. 
MA011.8 
Strata Dominant Species Cover/BA Status 
Herb Scirpus cyperinus 29 FACW 
Phalaris arundinacea 12 FACW 
Other 18 
• Total of averages 59 
Shrub Viburnum recognitum 3 FACW 
Vaccinium corymbosum 3 FACW 
Spiraea sp. 3 FAC 
Comus amomom 3 FACW 
Salix discolor 3 FACW 
Populus tremuloides 3 FACU 
Total of averages 18 
Sapling Betula populifolia 11 FAC 
Total of averages 11 
Tree — 
Total percent FAC or WETTER 89% 
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Table 42. Percent cover or relative basal area of dominant vegetation by strata 
at site MA011.9. 
MA011.9 
Strata Dominant Species Cover/BA Status 
Herb Phalaris arundinacea 37 FACW 
Scirpus cyperinus 16 FACW 
Other 19 
Total of averages 72 
Shrub Salix discolor 3 FACW 
Vaccinium corymbosum 3 FACW 
Spiraea sp. 3 FAC 
Pyrus sp. 3 FACW 
Spiraea sp. 3 FACW 
Acer rubrum 3 FAC 
Populus tremuloides 3 FACU 
Viburnum recognitum 3 FACW 
Pinus strobus 3 FACU 
Total of averages 27 
Sapling — 
Tree — 
Total percent FAC or WETTER 82% 
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Table 43. Percent cover or relative basal area of dominant vegetation by strata 
at site MA011.10. 
MA011.10 
Strata Dominant Species Cover/BA Status 
Herb Phalaris arundinacea 73 FACW 
Other 31 
Total of averages 104 
Shrub Acer rubrum 3 FAC 
Salix discolor 3 FACW 
Spiraea sp. 3 FAC 
Total of averages 9 
Sapling — 
Tree — 
Total percent FAC or WETTER 100% 
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All other sites in this study were dominated by > 50% hydrophytic vegetation. 
Common vegetation across Efts Arrow included Symplocarpus foetidus, Acer rubrum, 
and Osmunda cinnamomea. Vegetation across MacLeod Meadow was dominated by 
herbaceous and shrub species including Scirpus cyperinus, Vaccinium corymbosum, and 
Phalaris arundinacea. Table 44 shows the summary of soils, vegetation, and hydrology 
at all sites. Of the 13 wells, only MAO 10.3 had non-hydrophytic vegetation, a non- 
hydric soil, and no wetland hydrology. 
The hydric soils, hydrophytic vegetation, and wetland hydrology criteria agreed 
at 9 out of the 13 sites studied (69%). Eight of the nine sites had hydric soils, 
hydrophytic vegetation, and wetland hydrology, while at one site the occurrence of non- 
hydric soils agreed with non-hydrophytic vegetation and non-wetland hydrology. Of the 
four sites that had disagreement between individual parameters, 2 sites had wetland 
hydrology, hydrophytic vegetation, and non-hydric soils whereas at the remaining two 
sites, the lack of wetland hydrology was reflected in a non-hydric soil while the 
vegetation was hydrophytic. Site MAO 10.7 had a sandy texture with a matrix chroma 
of 4 and 10% mottles with a chroma of 1. The hydrology indicated saturation of 39 of 
69 weeks during the growing season. At site MA010.8 the Bs horizon at 20 cm, with 
a chroma of 4 and no mottles, was saturated for 0 of 66 weeks during the growing 
season. The horizon was wetter than -lkPa for 2 of 56 weeks during the growing 
season. At 50 cm, the sandy Clg horizon had low chroma matrix colors with high 
chroma mottles reflecting saturation for 4 weeks of 66 during the growing season. 
MAO 11.2 also had sandy textures, chromas of 3 and high chroma mottles, and was 
saturated for 25 out of 66 weeks at a depth of 25 cm. Based on these observations, soils 
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Table 44. Summary of presence or absence of hydric soils, hydrophytic 
vegetation, and wetland hydrology at selected sites. 
WELL no. SOIL VEGETATION HYDROLOGY 
1989 t 1987 $ 
MA010.1 Hydric Hydrophytic Yes Yes 
MA010.2 Hydric Hydrophytic Yes Yes 
MA010.3 Non-hydric Non hydrophytic No No 
MA010.4 Non-hydric Hydrophytic No No 
MA010.6 Hydric Hydrophytic Yes Yes 
MA010.7 Non-hydric Hydrophytic Yes Yes 
MA010.8 Non-hydric Hydrophytic No No 
MA011.1 Hydric Hydrophytic Yes Yes 
MA011.2 Non-hydric Hydrophytic Yes Yes 
MA011.4 Hydric Hydrophytic Yes Yes 
MA011.6 Hydric Hydrophytic Yes Yes 
MA011.8 Hydric Hydrophytic Yes Yes 
MA011.10 Hydric Hydrophytic Yes Yes 
t refers to hydrology criteria in the 1989 Federal Manual for Identification and 
Delineation of Jurisdictional Wetlands 
$ refers to hydrology criteria in the 1987 Federal Manual for Wetland 
Delineation. 
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with a sandy texture in individual horizons with a chroma of 4 and prominent mottles 
with a chroma of 1 may reflect significant wetness. Sandy soils with a chroma of 3 and 
prominent high chroma mottles showed wetland hydrology, while sandy soils with a 
chroma of 4 and lacking mottles do not have wetland hydrology. 
G. Vegetation Temporal Changes 
Panoramic slide pictures of MacLeod Meadow were taken from a height of 10 
meters from a White Pine tree growing on the southern edge of the meadow to evaluate 
seasonal or successional changes. MacLeod Meadow, which is generally mowed every 
year to supress shrub and tree growth, had been left untouched for at least four years. 
These slides were later viewed and then compared with vegetational observations in order 
to assess any detectable seasonal dominance change in vegetation across the meadow. 
MacLeod Meadow generally laid brown and barren from late October through 
mid-March. A greening to the meadow commenced in early April and quickly peaked 
by mid-May. Grasses and other herbaceous vegetation growing in the wetter areas were 
the first to green followed by topographically higher grasses. Most meadow vegetation 
began to brown again by mid-September. Initially the soil of a meadow may be adapted 
to one particular species of vegetation, but with the passing of time, the accumulation of 
organic material, and the interaction of various chemical and biological agencies, the 
soils’ capacity for supporting a much greater variety of life may increase. Grasses, 
shrubs, saplings, and topographical variations could easily be identified; however, no 
seasonal change in dominant vegetation in any of the strata was noted over the two-year 
study period. Grasses such as Scirpus cyperinus and Phalaris arundinacea were dominant 
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in low, wet areas while Potentilla simplex and Spiraea latifolia resided dominantly on the 
somewhat higher and slightly drier landscape positions. On some portions of these 
higher areas, Pinus strobus saplings had been growing for at least 4 years. On other 
portions, clumps of Pinus strobus and Betula populifolia saplings between 15 and 20 
years old were found. 
During the fall of 1993, vegetation from around wells MAO 11.1 through 
MA011.6 was mowed including the recently developed shrub species on the slightly 
elevated positions. Already established species within the clumps were once again left 
uncut to continue their vegetative growth. 
H. Aerial Photographic Vegetation Assessment 
1. MacLeod Meadow 
In July of 1952, MacLeod Meadow was used agriculturally for hay and dominant 
vegetation included grasses and sedges. This was noted by tractor mow lines which 
bisected the meadow from north to south. Drainage ditches were visible around the 
circumference of the meadow. The agricultural fields that were mowed for hay were 
extensive, reaching from Southeast Street to the west, to Station Road in the north, and 
back to MacLeod Meadow again. No specifically wet or dry areas could be discerned 
due to the fact that the photo was taken in the month of July. 
By August of 1971 the agricultural focus was on MacLeod Meadow and land to 
the west of the meadow was allowed to regenerate naturally. In these areas, where only 
grasses persisted before, shrubs and saplings were developing, and in areas with saplings, 
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trees began to dominate. Within the meadow proper, shrubs and sapling were beginning 
to emerge as visible individuals on generally higher and drier ground. The meadow edge 
was not a sharp as before and no tractor mow lines were present. Linear darker areas 
that bisect the meadow from north to south corresponded to areas of intermittent drainage 
ways that are still present today. 
By September 1985, vegetation in areas adjacent to the meadow was now more 
than 70% saplings and trees. Individual areas left unmowed in 1971 were now showing 
shrub and sapling species, while saplings that once bordered the sharp-edged meadow 
were developing into trees. Topographically higher and diverse areas were becoming 
more apparent. One such area, bisecting site MA011.4, extended 183 m north to south 
and 61 m from east to west. 
Finally, in May of 1988, mowed hay lines were once again visible across the 
meadow. Clumps of saplings near well MA011.6 were increasing their ranger. Growing 
under environmentally stressful conditions, these saplings were aged between 15 and 20 
years and yet remained under 4.5 meters in height. Grass and herbaceous vegetation still 
dominated the meadow with over 90% cover. 
2. Efts Arrow 
Evidence for vegetation change across Efts Arrow, located 200 m north-northwest 
of the intersection of the Vermont railroad tracks with Warren Wright Road, was quite 
strong. Aerial photographs, taken in July of 1952, showed a fairly uniform, and random 
distribution of saplings and trees throughout the forested swamp. Moisture appeared to 
be fairly uniformly distributed as well. A few logging trails at the margins of the forest 
also were visible. 
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By 1971, an immense 67,000 m2 area encompassing much of Efts Arrow and its 
central brook was now dominated by either emergent and marsh vegetation, dead trees, 
or open water. Historical records and physical evidence show that at some point between 
1952 and 1971, beaver had invaded the swamp, built dams, and flooded areas upstream 
to a depth of up to 2 m. Aerial photographs clearly show evidence of the southern extent 
of these dams. Flood waters reached as far back on the landscape as well MAO 10.7, 
some 150 m from the primary stream channel. Further evidence of this inundation can 
be found between well MA010.6 and MA010.2. Interstratified layers of sand, silt, and 
clay, some 4 cm to 7 cm thick, are found directly above buried horizons. 
These flood waters persisted long enough to cause widespread vegetational 
changes across Efts Arrow and the surrounding land. Specifically, vegetation from well 
MAO 10.7 through well MAO 10.2 was shown as herbaceous and significantly lacking (less 
than 9%) any type of tree cover. In contrast, vegetation at the topographically higher 
(~ 1.2 m) well MA010.3 reflected the same tall trees present in 1952. 
By 1985, long after the beaver had moved from the area, the forest was still only 
just beginning to recover. The once open water area was now showing signs of emergent 
vegetation. Areas of dead trees were showing signs of sapling regrowth, and areas 
within Efts Arrow were showing signs of sapling and small tree growth and renewal. 
By 1988, though most areas were showing new vegetational growth, the demarcation line 
between areas affected by the inundation and the pre-inundation forest was still very 
visible. Organic matter in the flooded areas of Efts Arrow ranges from 25 cm to 58 cm 
in thickness. Species of Canadian Hemlock and Red Maple initiating growth there today, 
do so on higher mounds, fallen trees, old stumps, and in the crevaces of living trees. 
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Evidence of significant organic matter decomposition and subsidence within the 
forested swamp indicated that this site was significantly drier than previously. This was 
evident at the base of tree trunks where organic staining was prevalent. These lines, 
caused not by flood events, but by the reduction of the organic matter mass (subsidence), 
were on average 10 cm higher than the current organic matter surface level. Rates of 
subsidence the two-year study period were neglible (< 0.5 cm yr'1), therefore, no 
prediction concerning duration of subsidence conditions could be made. 
I. Chemical and Physical Soil Characteristics 
Soils across the forested swamp range from a gravelly coarse sand to a gravelly 
sandy loam at wells MAO 10.2 and MAO 10.4 (slightly higher topographically). At wells 
MAO 10.6 and MAO 10.8, textures ranged from a silt loam to a loamy sand. No mineral 
soil was found at site MAO 10.1 to a depth of 100 cm. Coarse fragments of varying sizes 
occurred in almost every horizon and percentages across this topographically higher area 
were most abundant, frequently exceeding 15%. Clay percentages generally decreased 
with depth except for site MA010.6 where percentages remained nearly constant and in 
horizon 2C2g of site MA010.8 where clay percentages increased. Clay percentage was 
the highest (26%) in the A horizon of site MA010.4, located 25 m from the primary 
stream channel. 
Across MacLeod Meadow, soil textures ranged from a loam to a fine sand. 
Coarse fragments occurred, but only at site MA011.1, MA011.2, and MA011.10, and 
then only in quantities less than 0.4%. Clay percentages generally decreased with depth 
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except at site MAO 11.2 and MA011.10 where peaks occurred in the subsurface horizons 
(see Appendix B). 
Soils that are high in clay and humus, and finer-textured soils generally have a 
higher cation exchange capacity than coarse-textured soils. Across the forested swamp, 
the exchangeable acidity and cation exchange capacity generally decreased with depth 
except in horizons 2C2g of site MA010.8, 2C3 of site MA010.6, and Clg of MA010.3 
where increases were observed. These sharp increases in exchangeable acidity and cation 
exchange capacity corresponded to increases in clay percentages within each horizon. 
Percent base saturation increased with a decrease in exchangeable acidity and with 
increasing depth except in those horizons with peaks in clay percentages. 
Across the meadow, exchangeable acidity and cation exchange capacity generally 
decreased with increasing depth except in the sandy-textured C horizons where increases 
were observed. Percent base saturation increased with depth except in these sandy- 
textured C horizons where decreases followed by subsequent increases in lower horizons 
were observed. These fluctuations corresponded to textural changes from a coarser to 
a finer soil particle distribution (see Appendix C). 
Ammonium oxalate at pH 3 was determined to be the most satisfactory extractant 
for inorganic and organic amorphous (non-crystalline) iron and aluminum (McKeague and 
Day, 1966). Sodium pyrophosphate at pH 10 generally is considered to be an extractant 
for organically bound amorphous iron and aluminum. McKeague and Day (1969) and 
McKeague et al. (1971) suggested that ammonium oxalate and sodium pyrophosphate 
were good extractants for differentiating soils by the amount of organically and 
inorganically complexed extractable iron and aluminum they contained. The particle size 
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and mineralogy of the soil being extracted have as much bearing on the results as the 
extractant (Arshard et al., 1972). 
All three elements of aluminum, iron, and manganese were extracted in quantities 
that did not exceed 1%. Manganese frequently occurred in trace amounts (< 0.05%) 
except at sites MAO 11.8 and MAO 11.10, across the meadow, where concentrations were 
equal to 0.1%. The amonium oxalate extraction generally extracted more of each 
element than the two other methods. Percentages of elements extracted generally 
decreased both with increasing depth and increasing clay percentages (see Appendix D). 
Lindbo (1990) reported that both citrate dithionite and amonium oxalate extracted more 
iron, aluminum, and manganese as the particles size decreased and the amount of 
trioctahedral layered silicates increased. 
In general, across the forested swamp, bulk density and soil water pH increased 
and organic carbon percentages decreased with increasing depth. Within the mineral soil, 
bulk density ranged from 1.25 Mg/m3 (A horizon, site MA010.8) to 1.92 Mg/m3 (Bs 
horizon, site MAO 10.8). Soil water pH ranged from a low of 3.9 in the A horizon of 
MAO 10.8 to a high of 5.7 in the 2C3 horizon of MAO 10.6. Organic carbon percentages 
were < 1% in all C horizons, and reached a maximum (18%) in the A horizon of 
MA010.4. 
Across the meadow, bulk density and organic carbon percentages decreased while 
soil water pH increased with increasing depth. The higher bulk density within the 
surface horizons of the meadow may be due to tractor compaction from repeated 
mowings. Soil water pH ranged from a low of 4.9 (Ap horizon, site MA011.8) to a high 
of 6.2 (C3g horizon, site MA011.10). Below the Ap horizon, organic carbon 
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percentages were generally less than 1%; however, within the Ap surface horizon of site 
MAO 11.6, organic carbon was equal to 3.2% (see Appendix E). 
J. Chemical and Physical Parameter Correlations 
Chemical and physical soil parameters were investigated to ascertain their 
relationship to each other. Ferrous iron concentrations and redox values showed no 
significant correlation to each other (Table 28). Well MA010.1 proved to be very 
interesting due to its increased ferrous iron production even during more aerated soil 
conditions. As the soil at this site became more oxidized during the summer of 1993, 
ferrous iron concentrations increased dramatically. Soil redox values were moderately 
positive and increasing, dissolved oxygen concentrations were somewhat elevated, matric 
potentials were negative (-15 kPa), and the groundwater table was averaging a depth of 
100 cm below the ground surface. Reduced iron was still evident. Close observation 
of the site indicated that numerous areas of upwelling groundwater could be readily 
observed within the vicinity of this well throughout the monitoring period. Motts (1983) 
reported that these concentrations probably are derived from deep water circulating 
through the bedrock and upward into the aquifer. Groundwater that moves through the 
bedrock is able to dissolve large quantities of iron due to an abundant source of iron 
bearing minerals that occur in the bedrock of the basin. The slightly reducing (low Eh) 
conditions of the bedrock water and the very slow rate of water movement in the deeper 
parts of the bedrock also contributed to higher iron concentrations. A fairly constant 
supply of ferrous iron was being produced, but with less water available during the late 
summer months, the iron concentrations increased. Another explanation may be that 
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water percolating through the kame terrace sediments gains iron which is laterally 
transported over the impervious lacustrine materials. Groundwater that was purged from 
this well, as well as neighboring wells, often displayed a bright fluorescent orange color 
and sulfidic smell. 
Wilding and Rehage (1985) reported that in soils with different percentages of 
organic matter the intensity of oxidative processes may vary. Other researchers have 
also observed this phenomenom (Wilding and Rehage, 1985). Vepraskas and Wilding 
(1983) described a toposequence of 4 alfisols that were seasonally reduced but only 2 had 
chromas < 2. They attributed this to the soil’s low (< 1%) organic matter content. 
To assess the effect of organic matter in soils that were seasonally reduced, organic 
matter percentages were determined (see Appendix E). High chroma colors could not 
be related to soils containing low organic carbon percentages. In sandy and sandy loam 
soils, texture may be the controlling factor determining the chroma of a soil rather than 
its organic carbon percentage. 
Sometimes, low chroma colors may be present in soils that are rarely reduced. 
For example, within the hemlock forest at well MAO 10.3, a matrix chroma of 1 (coarse 
sand texture) occurs in a 45-cm deep soil horizon with an Eh value of +600 mV. 
Dissolved oxygen concentrations at this site are also low throughout the period of 
measurement. The soil chroma color does not increase below this depth and the chroma 
may reflect a previous cycle of soil saturation. 
Groundwater elevation levels were compared to ferrous iron concentrations, redox 
potentials, and dissolved oxygen concentrations (Table 45). Groundwater tables and 
ferrous iron concentrations were weak to moderately correlated. Moderate to strong 
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correlations were expected at wells with high ferrous iron production; however, a 
fluctuating water table combined with constant ferrous iron concentrations provided for 
a weak linear correlation. 
Accumulation of organic matter in most organic soils results from prolonged 
anaerobic soil conditions associated with long periods of submergence or soil saturation 
during the growing season thereby impeding anaerobic decomposition of the organic 
materials. While gleying and mottling are characteristic of nearly all hydric mineral 
soils, some soils lacking these features may be saturated for prolonged periods of time 
sufficient to qualify them as hydric and wetland soils. Groundwater tables across the 
forested swamp were more highly correlated to redox potentials at 25 cm depth than 
those across the meadow for the same depth. Similar correlations on redox potentials at 
a 50 cm depth showed even lower correlation coefficients (Table 45). Correlations of 
groundwater elevation levels and dissolved oxygen concentrations also showed weak 
correlations across both research sites. A fluctuating groundwater table along with steady 
dissolved oxygen concentrations was the cause of the poor relationship (Table 45). In 
a study of Texas soils, scientists found that periods of saturation and periods of saturation 
and periods of reducing conditions do not always coincide. Field measurements indicate 
that soils were saturated longer than they were reduced while in other cases the reverse 
was true (Veneman et al., 1976). This condition may result from the fact that often a 
large amount of air is entrapped by infiltrating flood waters thus maintaining aerobic 
conditions in a flooded soil. 
Dissolved oxygen concentrations were weakly correlated to redox potentials at the 
25 cm depth (Table 46). Ransom and Smeck (1986) attributed a similar weak correlation 
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Table 45. Linear correlation coefficients comparing groundwater elevation levels 
(dependent variable) with ferrous iron concentration, redox potentials 
at 25 cm, redox potentials at 50 cm, and dissolved oxygen 
concentrations. 
Water Table Ferrous Iron Redox (25-cm) Redox (50-cm) DO 
MA010.1 0.06 0.57 — 0.20 
MA010.2 0.24 0.34 — 0.00 
MA010.3 0.02 0.53 0.11 0.37 
MA010.4 0.04 0.01 0.03 0.08 
MA010.6 0.13 0.22 0.24 0.07 
MA010.7 0.13 0.47 0.18 0.15 
MA010.8 0.48 0.28 0.58 0.25 
MA011.1 0.16 0.29 0.26 0.01 
MA011.2 0.35 0.46 0.06 0.09 
MA011.4 0.10 0.01 0.14 0.14 
MA011.6 0.03 0.15 0.00 0.01 
MA011.8 0.22 0.10 0.39 0.08 
MA011.10 0.08 0.03 — 0.04 
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Table 46. Linear correlation coefficients comparing soil temperature at 50 cm 
(dependent variable) with well water temperature, redox potentials at 
50 cm, and ferrous iron concentrations. 
Soil Temp. 50-cm Well Water Temp. Redox (50-cm) Ferrous Iron 
MA010.1 0.59 — 0.10 
MA010.2 0.89 — 0.13 
MA010.6 0.97 0.02 — 
MA011.1 0.92 0.22 0.04 
MA011.2 0.98 0.02 — 
MA011.8 0.95 0.06 — 
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between dissolved oxygen and Eh in the soil solution to non-equilibrium conditions. 
A fluctuating water table is likely to cause non-equilibrium conditions by maintaining 
relatively reduced microsites (ped interiors) and oxidized macrosites (large pore 
spaces). Daniels et al. (1973) reported that low dissolved oxygen conditions may be 
associated with reduced soil conditions; however, in this study, the lack of a 
significant positive correlation between dissolved oxygen and Eh was surprising. The 
lack of a strong correlation perhaps indicates that the soil water system is not entirely 
in equilibrium. The dissolved oxygen distribution is a function of atmospheric 
exchanges at the free water surface and oxygen diffusion within the groundwater, 
whereas Eh represents a mixed potential that is the weighted average of many redox 
couples (Bohn 1968; 1971). Dissolved oxygen concentrations were also weakly 
correlated to specific matric potentials at 25 cm depth (Table 46). 
Soil temperatures at 50-cm depth and well water temperatures were highly 
correlated (Table 47). However, soil temperatures at 50 cm depth and redox potentials 
at 50 cm were only weakly correlated. Similarly, soil temperatures at 50 cm depth and 
ferrous iron concentrations were weakly correlated (Table 47). 
K. Multiple Regression Analyses 
1. Saturation in Relation to Soil Morphology 
Soil saturation may result from low topographic positions, groundwater seepage 
or the presence of a slowly permeable subsoil layer. Diagnostic soil morphological 
features such as color and mottling are commonly used to infer soil moisture regimes 
215 
Table 47. Linear correlation coefficients comparing dissolved oxygen 
concentrations (dependent variable) with redox potentials at 25 cm and 
niatric potentials at 25 cm. 
Dissolved Oxygen Redox (25-cm) Matric (25-cm) 
MA010.1 0.59 0.16 
MA010.2 0.20 — 
MA010.3 0.00 — 
MA010.4 0.00 — 
MA010.6 0.30 0.02 
MA010.7 0.16 — 
MAO 10.8 0.05 0.09 
MA011.1 0.00 0.00 
MA011.2 0.02 — 
MA011.4 0.06 0.01 
MA011.6 0.15 — 
MA011.8 0.03 — 
MA011.10 0.30 0.08 
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(Soil Survey Staff, 1975; Bouma, 1983; Pickering and Veneman, 1984; Buol and 
Rebertus, 1988). However, it is important to remember that moisture regimes and 
observed soil morphological characteristics such as mottling and low chroma colors are 
not directly related, but are connected through complex, interacting soil-forming 
processes (Schelling, 1970; Bouma, 1983). In the soils that have developed across 
MacLeod Meadow and Efts Arrow, an attempt was made to determine whether frequency 
and duration of the soil saturation could be derived from the morphology of the soil. 
Groundwater table data was transformed into frequency and duration of saturation 
information by horizon. This information was determined for the growing season (GS- 
WEEKS: number of weeks of saturation during the growing season; GS-SATRN: 
saturation during the growing season expressed as a percent) as well as the entire year 
(YR-WEEKS: number of weeks of saturation during the entire year; YR-SATRN: 
saturation during the entire year expressed as a percent). 
Morphological indicators such as dominant matrix and mottle chroma colors 
(MATR-DCR and MOTT-DCR, respectively) were identified along with other indicators 
such as the color indices Cl, C3, C4, C5, and MOT-SAC (Table 48). Indices Cl, C3, 
C4, and C5, calculated and weighted for a 25-cm to 50-cm depth in each soil profile, are 
shown in Appendix F. Evans and Franzmeier (1988), in Indiana, reported that color 
index Cl, based on chroma, was highly correlated with the duration of saturation 
especially when soil temperatures were above 5°C. The highest correlations occurred at 
depths between 30 and 60 cm presumably because organic carbon was less abundant at 
these depths. The index also was well correlated to dissolved oxygen content and 
groundwater elevation levels especially during the period of time that dissolved oxygen 
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Table 48. 
GS-WEEKS 
GS-SATRN 
YR-WEEKS 
YR-SATRN 
MOTT-DCR 
MATR-DCR 
LOW-CR-M 
LOW-CR-X 
MOT-SAC 
PER-SAND 
PERC-MN 
PERC-FE 
ORG-CARB 
Cl 
C3 
C4 
C5 
Definition of variables used in the correlation of soil morphology 
parameters to hydrology. 
Length of time in weeks that a specific horizon was saturated during the 
growing season. 
Length of time (%) that a specific horizon was saturated during the 
growing season. 
Length of time in weeks that a specific horizon was saturated during the 
entire year. 
Length of time (%) that a specific horizon was saturated during the entire 
year. 
Dominant mottle chroma. 
Dominant matrix chroma. 
Only low chroma mottle colors used. 
Only low chroma matrix colors used. 
Numerical representation of mottles in which values range from 1-3 
depending on their specific abundance, size, and contrast. For instance, 
few, medium, distinct mottles would have a MOTS AC rating = 1 (few) 
-1- 2 (medium) + 2 (distinct) = 5. 
Percentage of sand in horizon. 
Citrate-dithionite extractable manganese (%) in a horizon. 
Citrate-dithionite extractable iron (%) in a horizon. 
Organic carbon percentage within a horizon. 
Cl = (matrix chroma * abundance) + (mottle chromaa * mottle 
abundance.*) + (mottle chroma5 * mottle abundanceb) + ... (Evans and 
Franzmeier, 1988). 
C3 = (matrix chroma * abundance). 
C4 = (mottle chroma < 2a * mottle abundance.*) 4- (mottle chroma < 2b 
* mottle abundanceb) + ... 
C5 = (mottle chroma > 2a * mottle abundance.*) + (mottle chroma > 2b 
* mottle abundanceb) + ... 
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content was < 5 mg/L. The duration of saturation and the dissolved oxygen content of 
content of soil water also were well correlated to each other in these Indiana soils. 
Megonigal et al. (1993) in their study of forest soils in South Carolina, found that 
color index Cl was most strongly related to the number of days that the soil was 
saturated or reduced at a depth of 30-cm. Strong positive correlations between redox 
potentials and dissolved oxygen contents were also found. Similarly, Faulkner and 
Patrick (1992) reported strong positive correlations between dissolved oxygen content and 
Eh, strong negative correlations between water table level and Eh, and strong negative 
correlations between water table level and dissolved oxygen content. These correlations 
corresponded to depths of 30 cm below the soil surface, a critical depth with respect to 
plant survival and hydric soil criteria. Indices used within the regression models 
represent individual horizons and are not weighted. Linear, nonlinear, and stepwise 
multiple regression models were fitted to the groundwater table data to correlate soil 
morphologic properties to the degree of saturation. 
Different soil morphological variables were entered into SYSTAT, a computer 
generated statistical program, to correlate the frequency and duration of soil saturation 
with various parameters. Various methods were used in the correlations. First, selected 
independent variables were chosen and an attempt was made to linearly correlate these 
variables to one another (Table 49). Simple linear regressions then were attempted on 
all variables to predict the dependent variable (Table 50). Third, the adequacy of non¬ 
linear regression models was evaluated, followed by multiple stepwise regressions. 
Stepwise multiple regression analyses were used to correlate all possible variables 
with the four indicators of saturation. This was initially performed by the computer in 
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a backward mode ending with a final model which included only those variables giving 
the best fit. Next, an analysis was performed that included variables that would give the 
best fit taking into consideration an high tolerance, an adjusted r2 of 1.00, and a p-value 
< 0.05. 
When all predictor variables including MATR-DCR, MOTT-DCR, PER-SAND, 
ORG-CARB, MOT-SAC, PERC-FE, and PERC-MN were input into the model, only 
23% of the saturation data could be explained (Tables 51-54). When MATR-DCR, 
MOTT-DCR, PERC-FE, and PERC-MN were removed from the model and the variables 
Cl and C3 added in their place, 27% of the saturation could be explained (Tables 55-58). 
MATR-DCR and MOTT-DCR were removed from the model because variables Cl and 
C3 already represent these variables, albeit in a mathematically arranged format. 
While this procedure may be preferred because one can include only those 
variables that logically can be expected to show a strong correlation. Generally, this 
procedure results in low correlation values as was evidenced in a model with either GS- 
SATRN or GS-WEEKS as the dependent variable. ORG-CARB and C5 would be the 
best indicators even though only 30% of the data was explained. Similarly, in a model 
with YR-SATRN or YR-WEEKS as the dependent variable, ORG-CARB and C5 were 
the best indicators, eventhough these variables only explained 32% of the data (Table 
59). 
Results of stepwise multiple regression analyses with GS-WEEKS, GS-SATRN, 
YR-WEEKS, and YR-SATRN as dependent variables and ORG-CARB, C4, and PERC- 
MN as independent variables are shown in table 60. It was determined that the best 
model to predict GS-WEEKS included ORG-CARB, C4, and PERC-MN, when 64% of 
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the data was explained. Using the same predictor variables, 64% of the GS-SATRN 
data, 57% of the YR-WEEKS data, and 57% of YR-SATRN data was explained by this 
model. 
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Table 49. Linear regression correlation coefficients with GS-WEEKS, GS- 
SATRN, YR-WEEKS, and YR-SATRN as dependent variables. 
GS-WEEKS GS-SATRN YR-WEEKS YR-SATRN 
MOTT-DCR 0.00 0.00 0.00 0.00 
MATR-DCR 0.00 0.00 0.00 0.00 
LOW-CR-X 0.12 0.10 0.05 0.06 
LOW-CR-M 0.00 0.00 0.01 0.01 
MOT-SAC 0.00 0.00 0.00 0.00 
PER-SAND 0.00 0.00 0.00 0.00 
PERC-MN 0.10 0.08 0.11 0.11 
PERC-FE 0.07 0.05 0.03 0.04 
ORG-CARB 0.10 0.10 0.09 0.09 
Cl 0.00 0.00 0.00 0.00 
C3 0.00 0.00 0.00 0.00 
C4 0.00 0.00 0.02 0.02 
C5 0.04 0.03 0.05 0.04 
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Table 50. Linear regression correlation coefficients with MATR-DCR, MOTT- 
DCR, MOT-SAC, Cl, C3, C4, C5, PERC-FE, AND PERC-MN as 
dependent variables. 
MAT 
DCR 
MOT 
DCR 
MOT 
SAC 
Cl C3 C4 C5 PERC 
FE 
PER 
C 
SND 
ORG 
CRB 
0.01 0.02 0.15 0.03 0.00 0.10 0.00 
Cl 0.00 0.11 
C3 0.00 0.05 0.00 0.12 
C4 0.00 0.00 0.26 0.00 0.00 0.00 0.41 
C5 0.00 0.00 0.28 0.25 0.00 0.12 0.00 0.00 
MOT 
SAC 
0.00 0.00 0.00 0.01 0.05 
MAT 
DCR 
0.00 0.13 
MOT 
DCR 
0.03 0.07 0.00 
PERC 
FE 
0.05 
PERC 
MN 
0.00 
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Table 51. Correlation matrix with GS-WEEKS as the dependent variable with 
ORG-CARB, MATR-DCR, MOTT-DCR, PER-SAND, MOT-SAC, 
PERC-FE, and PERC-MN as independent variables (adjusted r2 = 
0.223) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 67.2 23.5 0.009 
ORG-CARB -9.5 3.6 0.15 0.015 
MATR-DCR 0.8 1.3 0.16 0.549 
MOTT-DCR -0.4 0.9 0.16 0.629 
PER-SAND -0.3 0.2 0.32 0.119 
MOT-SAC -3.1 2.6 0.37 0.253 
PERC-FE 7.8 11.1 0.39 0.488 
PERC-MN 69.7 128.7 0.40 0.593 
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Table 52. Correlation matrix with GS-SATRN as the dependent variable with 
ORG-CARB, MATR-DCR, MOTT-DCR, PER-SAND, MOT-SAC, 
PERC-FE, and PERC-MN as independent variables (adjusted r2 = 
0.231) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 102.8 35.9 0.009 
ORG-CARB -14.6 5.6 0.16 0.015 
MATR-DCR 1.0 2.1 0.16 0.631 
MOTT-DCR -0.5 1.3 0.16 0.736 
PER-SAND -0.4 0.3 0.32 0.126 
MOT-SAC -4.8 4.0 0.37 0.242 
PERC-FE 11.4 17.0 0.39 0.509 
PERC-MN 130.2 197.2 0.41 0.515 
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Table 53. Correlation matrix with YR-WEEKS as the dependent variable with 
ORG-CARB, MATR-DCR, MOTT-DCR, PER-SAND, MOT-SAC, 
PERC-FE, and PERC-MN as independent variables (adjusted r2 = 
0.208) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 150.8 44.9 0.003 
ORG-CARB -18.7 6.9 0.11 0.013 
MATR-DCR 0.7 2.6 0.11 0.783 
MOTT-DCR -1.1 1.7 0.11 0.530 
PER-SAND -0.6 0.3 0.29 0.081 
MOT-SAC -7.4 5.0 0.37 0.151 
PERC-FE 5.4 21.3 0.37 0.802 
PERC-MN 172.7 246.8 0.39 0.491 
226 
Table 54. Correlation matrix with YR-SATRN as the dependent variable with 
ORG-CARB, MATR-DCR, MOTT-DCR, PER-SAND, MOT-SAC, 
PERC-FE, and PERC-MN as independent variables (adjusted r2 = 
0.212) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 155.0 46.2 0.003 
ORG-CARB -19.2 7.1 0.11 0.013 
MATR-DCR 0.7 2.6 0.11 0.796 
MOTT-DCR -1.1 1.7 0.11 0.537 
PER-SAND -0.6 0.3 0.30 0.079 
MOT-SAC -7.6 5.1 0.37 0.151 
PERC-FE 6.0 21.9 0.38 0.785 
PERC-MN 180.5 253.3 0.39 0.483 
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Table 55. Correlation matrix with GS-WEEKS as the dependent variable with 
ORG-CARB, PER-SAND, MOT-SAC, PERC-FE, PERC-MN, Cl, and 
C3 as independent variables (adjusted r2 = 0.274) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 84.6 34.5 0.022 
ORG-CARB -12.5 5.09 0.16 0.021 
PER-SAND -0.3 0.2 0.28 0.136 
MOT-SAC -3.2 4.0 0.35 0.420 
PERC-FE 18.1 17.2 0.37 0.305 
PERC-MN 147.1 181.0 0.39 0.424 
Cl -5.0 4.7 0.40 0.301 
C3 6.3 4.9 0.43 0.208 
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Table 56. Correlation matrix with GS-SATRN as the dependent variable with 
ORG-CARB, PER-SAND, MOT-SAC, PERC-FE, PERC-MN, Cl, and 
C3 as independent variables (adjusted r2 = 0.269) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 53.9 22.6 0.025 
ORG-CARB -8.0 3.3 0.16 0.024 
PER-SAND -0.2 0.1 0.28 0.120 
MOT-SAC -1.9 2.6 0.35 0.469 
PERC-FE 11.9 11.2 0.37 0.298 
PERC-MN 84.2 118.1 0.39 0.482 
Cl -3.3 3.1 0.40 0.293 
C3 4.4 3.2 0.43 0.178 
229 
Table 57. Correlation matrix with YR-WEEKS as the dependent variable with 
ORG-CARB, PER-SAND, MOT-SAC, PERC-FE, PERC-MN, Cl, and 
C3 as independent variables (adjusted r2 = 0.210) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 125.4 44.4 0.009 
ORG-CARB -15.1 6.5 0.11 0.030 
PER-SAND -0.4 0.3 0.21 0.157 
MOT-SAC -6.7 5.1 0.32 0.206 
PERC-FE 9.0 22.1 0.33 0.687 
PERC-MN 226.9 232.4 0.36 0.338 
Cl -5.1 6.1 0.36 0.407 
C3 6.6 6.2 0.38 0.303 
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Table 58. Correlation matrix with YR SATRN as the dependent variable with 
ORG-CARB, PER-SAND, MOT-SAC, PERC-FE, PERC-MN, Cl, and 
C3 as independent variables (adjusted r2 = 0.213) 
Variable Coefficient Std Error R2 P (2 Tail) 
Constant 129.5 15.6 0.009 
ORG-CARB -15.5 6.7 0.10 0.030 
PER-SAND -0.4 0.3 0.21 0.157 
MOT-SAC -7.0 5.3 0.33 0.199 
PERC-FE 9.4 22.8 0.33 0.681 
PERC-MN 236.5 239.1 0.36 0.332 
Cl -5.1 6.3 0.36 0.421 
C3 6.5 6.4 0.39 0.318 
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Table 59. Backward regression analysis correlation matrix with ORG-C ARB and 
C5 as independent variables and GS-WEEKS (I), GS-SATRN (II), 
YR-WEEKS (III), and YR-SATRN (IV) as the dependent variables. 
Variable Coefficient Std Error R2 P (2 Tail) 
(Adj r2=.30) 
I. Constant 37.2 4.1 0.000 
ORG-CARB -8.0 2.8 0.23 0.009 
C5 -5.6 2.7 0.36 0.053 
(Adj r^.30) 
II. Constant 57.6 6.3 0.000 
ORG-CARB -12.5 4.3 0.24 0.009 
C5 -8.8 4.3 0.36 0.051 
(Adj r^.32) 
III. Constant 74.3 7.8 0.000 
ORG-CARB -14.9 5.4 0.21 0.011 
C5 -12.7 5.3 0.38 0.025 
(Adj r^.32) 
IV. Constant 72.3 7.6 
*■*- 
0.000 
ORG-CARB -14.4 5.2 0.21 0.011 
C5 -12.4 5.1 0.38 0.024 
232 
Table 60. Stepwise interactive regression analysis correlation matrix with ORG- 
CARB, C4, and PERC-MN as independent variables and GS-WEEKS 
(I), GS-SATRN (II), YR-WEEKS (III), and YR-SATRN (IV) as the 
dependent variables. 
Variable Coefficient Std Error R2 P (2 Tail) 
(Adj ^=.64) 
I. Constant 39.9 4.5 0.000 
ORG-CARB -8.3 2.3 0.17 0.002 
C4 -97.5 20.8 0.55 0.000 
PERC-MN 283.8 102.7 0.70 0.015 
(Adj ^=.64) 
II. Constant 60.4 7.0 0.000 
ORG-CARB -12.6 3.5 0.17 0.003 
C4 -146.0 32.4 0.54 0.000 
PERC-MN 451.0 159.7 0.70 0.013 
(Adj r2=.57) 
III. Constant 77.0 9.5 0.000 
ORG-CARB -14.1 4.8 0.11 0.010 
C4 -189.6 44.0 0.50 0.001 
PERC-MN 529.4 217.1 0.65 0.028 
(Adj r2 = .32) 
IV. Constant 75.2 9.3 0.000 
ORG-CARB -13.8 4.7 0.12 0.010 
C4 -183.8 43.1 0.50 0.001 
PERC-MN 507.6 212.6 0.64 0.031 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
The use of field indicators to infer moisture regimes assures that strong 
correlations must exist between redox potential, dissolved oxygen content, groundwater 
table levels, and physical features such as soil chroma. These intricate relationships 
falter however if microbial activity is limited by pH, soil temperature, or low organic 
matter. Therefore, it is important to verify quantitative relationships between redox 
processes, soil saturation, and hydromorphic soil features. 
The results show that soil hydromorphic features reflect moisture regimes and 
redox processes across both MacLeod Meadow and Efts Arrow. Some exceptions, 
however, do exist. Linear correlations developed from indicators across these sites show 
weak comparisons at best. While there often is a strong seasonal correspondence 
between groundwater table depth, dissolved oxygen content, and redox potential in 
graphical representations, statistical correlations are usually weak or insignificant. These 
weak correlations may be due to non-equilibrium conditions within the soil. Stepwise 
multiple regression models showed moderate correlations. Variables ORG-CARB 
(organic carbon percentage), PERC-MN (extractable manganese percentage), and index 
C4 (the sum of all low chroma mottle colors multiplied by their abundance) predicted 
64% of GS-WEEKS data. Variables used as predictors of GS-SATRN, YR-WEEKS, and 
YR-SATRN also showed moderate correlations (0.57 < r2 < 0.64) and extremely low 
p-values (0.000 < P < 0.001). Stepwise multiple regression analyses performed on the 
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studied sites indicate that inferences into predicting the frequency and duration of 
saturation in lacustrine soils by its morphologic characteristics alone were moderate at 
best. The error in the predictive capability of these models is larger than the accuracy 
needed to quantify a soils saturation period. In this case, the accuracy needed, "saturated 
for more than 2 weeks", is based on criteria used to define hydric soils. 
Morphologically, the parent materials of the Lawrence Swamp-Hop Brook Basin 
of Amherst, Massachusetts, are very complex. Coarse sand and gravel that had once laid 
high above the valley floor in the form of kame deposits and deltas now locally cover the 
gray very fine sand and silt loams that were deposited in Glacial Lake Hitchcock. 
Speculation into soil matrix and mottle colors in relation to soil saturation are often 
masked by the coarse sands and gray parent materials that overspread the valley. 
Analyses performed on the chemical, physical, and morphological components of 
MacLeod Meadow and Efts Arrow suggest that accurate predictions of the frequency and 
duration of soil saturation cannot be drawn based solely on models developed here. It 
is important to remember that moisture regimes and soil profile characteristics are not 
directly related, but are connected through complex interacting soil forming processes 
and that these processes are dominated by the redox characteristics of the site which in 
turn is controlled by several variables including organic matter, soil temperature, iron 
and manganese concentrations, and frequency and duration of soil saturation. Given the 
heterogeneity of these variables, it is not surprising that there are discrepancies in using 
morphology to infer a soil’s moisture regime. 
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Overall project conclusions are: 
1. Water table levels were measured weekly for two years. Representative data over 
this monitoring period was thought to have been attained. However, further 
investigation concluded that even though yearly budgets of precipitation followed 
the 150-yr average, weekly and monthly variations between the somewhat wet 
growing season of 1992 and the drier growing season of 1993 were dramatic. 
This variable precipitation significantly affected the depth of the groundwater 
table during the study period. 
2. The coarse sands and gravels of the forested swamp as well as the gray silt loam 
parent material of the meadow may mask, alter, or otherwise interfere with those 
soil morphological features normally associated with reducing conditions. The 
post-glacial depositional environment of the parent material may not necessarily 
reflect current moisture regimes. Even the short term affect from flooding due 
to beaver dams may not typically relate to current moisture levels. Similarly, 
once formed, insoluble high chroma mottles may remain as relict mottles, 
indicative of a previous and possibly historic moisture regime. 
3. Data obtained in this study suggest that anaerobic and reducing conditions may 
persist through the non-growing season as defined by Soil Taxonomy. This 
would lead to the conclusion that one of the criteria used for defining a growing 
season and soil saturation based upon that growing season, i.e. soil temperatures 
at 50 cm depth, may not be supported. 
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4. - Models used in the prediction of saturation based upon soil morphology had 
numerically few observations and even fewer degrees of freedom. Predictor 
variables such as index C4 (based upon low chroma mottle colors), index C5 
(based upon high chroma mottle colors), and MOT-SAC (the size, abundance, 
and contrast of a mottle) may not be present in every horizon, and therefore 
would not be used as a case within the model. The numerical index such as Cl 
(based upon the overall chroma color of a horizon) would be a better method for 
circumventing the problem of trying to make predictions within models that have 
too small of sample size. Future models need to contain predictor variables that 
will have a representative value in every horizon. Other predictor variables, such 
as full textural mineral percentages, size, abundance, and contrast of mottles, as 
well as the structure of the soil, may need to be considered in order to more 
accurately explain the data. 
5. Simple linear regressions between GS-WEEKS (saturation period in weeks during 
the growing season) and MATR-DCR (dominant chroma of the soil matrix) 
seemed as if it should be able to produce a simple equation such as "a matrix 
chroma of 2 corresponds to 29-weeks yr'1 of soil saturation". Unfortunately, due 
to the many interacting and complex components of color development and 
subsequent loss in soils, this conclusion was not possible. In fact, random 
distributions held and similar chroma colors actually were described by many 
different periods of saturation. 
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Water from monitoring wells having low concentrations of ferrous iron also 
showed no reaction to a, a- dipyridyl. Measurable ferrous iron concentrations 
were weakly correlated with a, a- dipyridyl colors in wells MAOlO.lm 
MA010.2, and MA011.1. These wells had ferrous iron concentrations greater 
than 4 mg/L and a, a- dipyridyl Dutch BoyR colors of between 9-4 and 9-6. 
These correlations were statistically insignificant due to the fact that actual ferrous 
iron concentrations generally fluctuated over a fairly large range (between 4 mg/L 
and 77 mg/L), whereas the Dutch BoyR colors only varied between 9-4 and 9-6. 
In contrast, site MAO 10.3 was moderately correlated with a, a- dipyridyl colors 
This was caused by a constant, low, ferrous iron output along with detectable a, 
a- dipyridyl colors. 
When all three technical criteria used to identify wetlands, e.g. hydric soil, 
hydrophytic vegetation, and wetland hydrology, were used across MacLeod 
Meadow and Efts Arrow, 69% agreement was found. In other words, at 8 out 
of 13 stations, wetland hydrology was present as hydrophytic vegetation grew 
upon an hydric soil substrate. For one station, well MA010.3, neither wetland 
hydrology, hydrophytic vegetation, or an hydric soil substrate was evident. Of 
the four sites that had disagreement between individual parameters, 2 sites had 
wetland hydrology, hydrophytic vegetation, and non-hydric soils whereas at the 
remaining two sites, the lack of wetland hydrology was reflected in a non-hydric 
soil while the vegetation was hydrophytic. Site MA010.7 had a sandy texture 
with a matrix chroma of 4 and 10% mottles with a chroma of 1. The hydrology 
indicated saturation of 39 of 69 weeks during the growing season. At site 
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Bs horizon at 20 cm, with a chroma of 4 and no mottles, was saturated for 0 of 
66 weeks during the growing season. The horizon was wetter than -lkPa for 2 
of 56 weeks during the growing season. At 50 cm, the sandy Clg horizon had 
low chroma matrix colors with high chroma mottles reflecting saturation for 4 
weeks of 66 during the growing season. MA011.2 also had sandy textures, 
chromas of 3 and high chroma mottles, and was saturated for 25 out of 66 weeks 
at a depth of 25 cm. Based on these observations, soils with a sandy texture in 
individual horizons with a chroma of 4 and prominent mottles with a chroma of 
1 may reflect significant wetness. Sandy soils with a chroma of 3 and prominent 
high chroma mottles showed wetland hydrology, while sandy soils with a chroma 
of 4 and lacking mottles do not have wetland hydrology. 
The main processes that occur in submerged soils can be regarded as a series of 
successive oxidation-reduction reactions almost entirely mediated by obligate and 
facultative anaerobes. The frequency and extent of saturation within the soil will help 
determine the length of time that these microbes are active, and thus the various soil 
colors that may develop. It is these soil colors (redoximorphic features) that need to be 
further investigated in order to predict not only soil saturation periods but also duration 
of soil saturation necessary to produce mottling and low chroma colors in specific parent 
materials. 
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APPENDIX A 
SOIL MORPHOLOGICAL DESCRIPTIONS 
Note: During the course of this study, a series of pedons was described at more or less 
regular intervals ranging from 9 m to 15 m. Subsequently, a few typefying 
pedons were selected in each hydrosequence for further studies. The location of 
the selected pedons is indicated in Fig. 3. They were numbered MA010.1, 
MAO 10.2, etc. Profiles described in between these numbered sites are included 
in the following profile descriptions. They are indicated by the site number 
(MAO 10 or MA011) with the pedon sequence reflected by a roman numeral. 
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Site # MA010.1 (MAO 10.1) 
Pedon #: 93795 
Location: Amherst, MA 
Series: Freetown 
Horizon Depth (cm) 
Oe 0-100+ 
Taxonomic Subgroup: Fluvaquentic Medihemist 
Sampling Date: June 26, 1993 
Parent Material: Organic material 
Hydric Status: Hydric 
Very dark gray (5YR 3/1) interstratified layers of 
hemic to sometimes sapric organic matter and gray 
(10YR 6/1) silty clay loam that is commonly less 
than 3-mm thick. 
Comments: 
Site is located in a 50-cm wide channel; fine sand and silt layers 
can occasionally be found stratified between the organic deposits 
but also occur in less than 3-mm wide bands. 
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Site # MA010.II 
Pedon #: 93794 
Location: Amherst, MA 
Series: Freetown 
Horizon Depth (cm) 
Oe 0-100 + 
Taxonomic Subgroup: Fluvaquentic Medihemist 
Sampling Date: June 26, 1993 
Parent Material: Organic material 
Hydric Status: Hydric 
Hemic organic matter to a depth of at least 100-cm. 
Comments: 
Site is 9 meters east of MA010.1 and is located in a 25-cm wide 
channel; site is characterized by interstratified layers of hemic to 
sometimes sapric organic matter and gray (10YR 6/1) silty clay 
loam; fine sand and silt layers may also be found, but are less 
common. 
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Site # MA010.III 
Pedon #: 93786 
Location: Amherst, MA 
Series: Enosberg taxadjunct 
Horizon Depth (cm) 
Oe 2-0 
Taxonomic Subgroup: Aerie Humaquept 
Sampling Date: June 26, 1993 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
A 0-13 
Clg 13-36 
C2 36-53 
Very dark gray (N2/) sandy loam; crumb structure; 
friable; many roots, all sizes; alot of organic matter 
present, but also many (70%) skeleton sand grains; 
abrupt smooth boundary. 
Gray (10YR 6/1) sand with many coarse prominent 
tubular strong brown (7.5YR 5/8), few coarse 
prominent tubular very dark gray (N2/), few 
medium prominent dark red (2.5YR 3/6) mangans 
which surround dead roots; common (5%) medium 
prominent reddish black (10R 2.5/1) mottles 
occurring near coarse fragments, light gray (5YR 
7/1) fine distinct neoalbans, and many coarse 
prominent reddish yellow (5YR 7/8) mottles 
occurring around and on 3-mm diameter coarse 
fragments; single grain structure; loose; 5% 
rounded coarse fragments; common medium 
circular pores; fine to medium dead roots are 
random within this horizon; clear wavy boundary. 
Light red (2.5YR 6/8) sand with many coarse faint 
tongued reddish yellow (7.5YR 7/8) and many 
coarse prominent irregular dark reddish gray (10R 
3/1) mottles; weak subangular blocky structure; 
very friable; 5% rounded 5-mm to 5-cm diameter 
coarse fragments; many fine circular pores; the 
horizon is more fluorescent than the described 
color; reddish black (10R 2.5/1) mottles occur as 
manganese rings around rotten rocks; reddish black 
(1 OR 2.5/1) neomangans can also be found in 1-mm 
wide bands in old root channels; many coarse 
prominent pinkish white (7.5YR 8/2) mottles; many 
medium prominent very light gray (N8/) mottles; 
many medium distinct dark reddish brown (2.5YR 
3/3) mangans are 3-mm wide and occur around root 
channels; very compacted and dense horizon; 
gradual wavy boundary. 
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C3 53-59 Light red (2.5YR 6/8) coarse sand; single grain 
structure; very loose; 16% rounded 2-cm to 10-cm 
diameter coarse fragments. 
C4 59-93 Light red (2.5YR 6/8) sand; single grain structure; 
very loose. 
C5 93-118 Light red (2.5YR 6/8) sand with many (20%) 
coarse prominent grayish brown (10YR 5/2) 
mottles; single grain structure; loose. 
C6g 118-125 + Grayish brown (10YR 5/2) very fine sand; single 
grain structure; loose; silty clay is present in 17% 
of this horizon as a texture that is interwoven into 
the very fine sand texture in the form of ripples. 
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Site # MA010.IV 
Pedon #: 93779 
Location: Amherst, MA 
Series: Ninigret taxadjunct 
Horizon Depth (cm) 
Oe 4-0 
A 0-9 
Clg 9-38 
C2g 38-51 
C3g 51-60 
C4g 60-76 
C5 76-96 + 
Taxonomic Subgroup: Typic Endoaquept 
Sampling Date: July 10, 1993 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Very dark brown (10YR 2/2) loam; weak 
subangular blocky structure; friable; many fine and 
many medium roots; very fluffy A horizon with 
many skeleton sand grains; abrupt smooth 
boundary. 
White (10YR 8/2) coarse sand with many (25%) 
coarse prominent tubular very dark grayish brown 
(2.5Y 3/2) neoorgans; very weak subangular blocky 
structure; very friable; 2% rounded coarse 
fragments; many medium irregular pores; few fine 
and few coarse roots; very dark grayish brown 
(2.5Y 3/2) neoorgans occur around and spread out 
from 1-mm to 2-mm diameter old root channels as 
well as from 2-cm diameter coarse fragments in an 
irregular pattern throughout the profile; abrupt 
smooth boundary. 
White (10YR 8/1) coarse sand with few (3%) 
coarse distinct yellowish brown (10YR 5/8) mottles; 
single grain structure; very loose; 3% rounded 6-cm 
diameter coarse fragments; common fine irregular 
pores; abrupt smooth boundary. 
Light gray (10YR 7/1) fine sand; single grain 
structure; very loose. 
Light gray (10YR 7/1) fine sand with many coarse 
distinct brownish yellow (10YR 6/8) mottles; single 
grain structure; loose. 
Brownish yellow (10YR 6/8) sand with common 
(5%) fine prominent dusky red (2.5YR 3/2) and 
common (8%) fine prominent red (2.5YR 5/8) 
mottles; single grain structure; loose; 50% rounded 
coarse fragments. 
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Site # MA010.2 (MA010.V) 
Pedon #: 93754 
Location: Amherst, MA 
Series: Swansea taxadjunct 
Horizon Depth (cm) 
Oel 0-34 
Oe2 34-55 
A/Cg 55-64 
Taxonomic Subgroup: Terric Medihemist 
Sampling Date: June 26, 1993 
Parent Material: Organic over outwash 
Hydric Status: Hydric 
Very dark grayish brown (10YR 3/2) hemic organic 
matter; many fine and many medium roots; (85%) 
visible plant remains; abrupt smooth boundary. 
Yellow (10YR 7/8) hemic organic matter that is 
stained lighter in color than the above horizon and 
contains many coarse roots that are 6-cm to 7-cm in 
diameter and few fine roots; abrupt smooth 
boundary. 
Gray (N4/) silt loam with common medium 
prominent tubular (2.5YR 3/3) mottles; weak 
angular blocky structure; friable; common fine 
irregular pores; many dead roots within the horizon; 
on the boundary between the A/Cg and the Cg 
horizon (about 1-cm wide) occur many medium to 
coarse prominent yellowish brown (10YR 5/8), 
yellow (10YR 8/6), brownish yellow (10YR 6/6), 
and reddish yellow (7.5YR 7/8) mottles in a light 
brownish gray (10YR 6/2) silt loam; abrupt smooth 
boundary. 
Cg 64-109 + Gray (N5/) coarse sand; single grain structure; 
loose. 
Site It MA010.VI 
Pedon tt: 93758 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi 5-0 
O/A 0-22 
Cl 22-27 
C2 27-36 
C3 36-74 
C4 74-95 + 
Taxonomic Subgroup: Aerie Endoaquent 
Sampling Date: June 26, 1993 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Abrupt smooth boundary. 
Very dark grayish brown (10YR 3/2); many roots, 
all sizes; visible organic matter but mineral material 
is incorporated as well; organic matter breaks into 
recognizable leaves and twigs; abrupt smooth 
boundary. 
Gray (10YR 5/1) sand; moderate subangular blocky 
structure; friable; few medium irregular pores; few 
fine and few medium roots; still a mixture of 
organic matter (8%) and mineral soil (92%); pores 
and vughs are associated with root channels; clear 
smooth boundary. 
Very pale brown (10YR 7/4) sand with common 
(5%) fine faint yellow (10YR 8/6) and common 
(5%) medium prominent circular red (10R 4/6) 
mottles; single grain structure; loose; 15% rounded 
5-cm to 7-cm diameter coarse fragments; red (10R 
4/6) mottles are very soft iron concretions occurring 
within 12% of the horizon; rotten rocks; abrupt 
smooth boundary. 
White (10YR 8/2) sand with few fine and medium 
faint very pale brown (10YR 7/4) mottles; single 
grain structure; loose; 3% rounded 3-mm to 5-mm 
diameter coarse fragments. 
Yellowish brown (10YR 5/4) sand with common 
(10%) fine faint yellowish brown (10YR 5/6) 
mottles; single grain structure; loose; 3% rounded 
4-mm to 7-mm diameter coarse fragments. 
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Site # MA010.3 (MAO 10.VII) 
Pedon #: 93764 
Location: Amherst, MA 
Series: Agawam taxadjunct 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 10, 1993 
Parent Material: Sandy outwash 
Hydric Status: Non-hydric 
Horizon Depth (cm) 
Oe 2-0 
A 0-25 
Bw 25-45 
Clg 45-52 
C2g 52-60 
C3g 60-70 
C4g 70-98 + 
Very dark grayish brown (10YR 3/2) sandy loam; 
weak crumb structure; friable; 3% rounded coarse 
fragments; many roots, all sizes; skeleton sand 
grains are visible; abrupt smooth boundary. 
Yellowish brown (10YR 5/6) loamy sand with 
common medium prominent tongued dusky red 
(10R 3/2) mottles; weak subangular blocky 
structure; very friable; 60% rounded 2-cm to 10-cm 
diameter coarse fragments; many fine and many 
medium roots; manganese mottling tongues along 
the edges of coarse fragments; clear smooth 
boundary. 
Light gray (10YR 7/1) coarse sand with many 
coarse distinct yellow (10YR 7/8) and common 
(5%) medium prominent dusky red (10R 3/2) 
mottles; single grain structure; loose; abrupt smooth 
boundary. 
Light gray (10YR 7/2) sand with many coarse 
irregular prominent dark reddish gray (10R 3/1) 
mottles; single grain structure; loose; manganese 
staining occurs in 35% of this horizon as common 
horizontal bands, and as vertical bands within and 
surrounding root channels; clear wavy boundary. 
Light gray (10YR 7/1) sand with common (5%) 
coarse prominent dark yellowish brown (10YR 4/6) 
mottles; single grain structure; very loose. 
Light gray (10YR 7/1) sand with many medium 
distinct yellow (10YR 7/6) mottles. 
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Site # MAO 10.VIII 
Pedon #: 93771 
Location: Amherst, MA 
Series: Ninigret taxadjunct 
Horizon Depth (cm) 
A 0-20 
Clg 20-38 
C2g 38-48 
C3g 48-100 + 
Taxonomic Subgroup: Typic Humaquept 
Sampling Date: June 26, 1993 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Black (10YR 2/1) loam; weak subangular blocky 
structure breaking to crumb; friable; few (4%) 
medium circular pores; many fine and few medium 
roots; skeleton grains present throughout horizon; 
abrupt smooth boundary. 
Gray (10YR 5/1) sandy loam with common (5%) 
coarse prominent red (10R 4/6), common (8%) fine 
prominent reddish yellow (7.5YR 6/8), and many 
(21 %) coarse prominent reddish yellow (7.5YR 6/8) 
mottles at the edges of the coarse fragments; strong 
angular blocky structure; firm; 25% rounded 2-cm 
to 4-cm diameter coarse fragments; few (3%) fine 
circular pores and few (2%) irregular pores; sand 
appears to be cemented to the silt by iron cementing 
agents; abrupt smooth boundary. 
White (5YR 8/1) fine sand with common (3%) 
coarse prominent circular weak red (10R 4/4) soft 
iron masses; single grain structure; loose; 3% 
rounded 5-cm diameter coarse fragments; abrupt 
smooth boundary. 
Gray (10YR 6/1) fine sand; single grain structure; 
loose. 
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Site # MA010.4 (MA010.IX) 
Pedon #: 93775 
Location: Amherst, MA 
Series: Ninigret 
Horizon Depth (cm) 
Taxonomic Subgroup: Aerie Humaquept 
Sampling Date: July 10, 1993 
Parent Material: Sandy outwash 
Hydric Status: Non-hydric 
A 0-15 
Cl 15-20 
C2 20-32 
C3g 32-100+ 
Black (10YR 2/1) loam; weak subangular blocky 
structure breaking to crumb; friable; few fine 
circular pores; many fine and few medium roots; 
skeleton sand grains present throughout horizon; 
abrupt smooth boundary. 
Grayish brown (10YR 5/2) loamy coarse sand; 
single grain structure; loose; 2% rounded 3-mm to 
2-cm coarse fragments; clear wavy boundary. 
Dark brown (10YR 4/3) coarse sand with many 
medium distinct dark reddish brown (2.5YR 3/3) 
mottles; single grain structure; very loose; 85% 
rounded 3-mm to 3-cm coarse fragments; mottles 
associated with the sand/coarse fragment interface; 
abrupt smooth boundary. 
Light gray (10YR 7/1) sand; single grain structure; 
very loose; 5% rounded 3-mm to 2-cm coarse 
fragments; rotten rocks present. 
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Site # MA010.X 
Pedon #: 93747 
Location: Amherst, MA 
Series: Swansea taxadjunct 
Horizon Depth (cm) 
Oel 0-23 
Oe2 23-43 
Oe3 43-51 
Clg 51-61 
C2g 61-66 
C3g 66-68 
C4g 68-100+ 
Taxonomic Subgroup: Terric Medihemist 
Sampling Date: June 26, 1993 
Parent Material: Organic over sandy outwash 
Hydric Status: Hydric 
Black (10YR 2/1) fibric organic matter; many 
medium and many coarse roots; roots occupy 50% 
of this horizon; abrupt smooth boundary. 
Black (10YR 2/1) fibric organic matter with many 
fine roots; roots occupy 17% of this horizon; abrupt 
smooth boundary. 
Very dark grayish brown (10YR 3/2) stained hemic 
organic matter; abrupt smooth boundary. 
Gray (10YR 5/1) clay loam with common (5%) 
medium prominent tubular strong brown (7.5YR 
5/6) neoferrans; moderate angular blocky structure; 
friable; common (7%) fine circular pores; fine to 
medium dead roots are prevalent throughout; the 
clay loam has leaves and twigs mixed within it; 
clear wavy boundary. 
Gray (10YR 6/1) sand with few fine dusky red 
prominent (10R 3/3) mottles; single grain structure; 
very friable; few medium irregular pores; vughs 
and oval pores associated with old vegetation and 
root channels; abrupt smooth boundary. 
White (10YR 8/1) sand; single grain structure; 
friable; still alot of old vegetation and roots 
embedded in this horizon; abrupt smooth boundary. 
Gray (N5/) coarse sand with 80% rounded 3-cm to 
7-cm diameter coarse fragments. 
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Site # MA010.XI 
Pedon #: 93741 
Location: Amherst, MA 
Series: Enosburg variant 
Horizon Depth (cm) 
Oe 26-0 
A 0-7 
Clg 7-16 
C2 16-23 
C3g 23-72 
C4 72-74 + 
Taxonomic Subgroup: Histic Humaquept 
Sampling Date: June 26, 1993 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Many fine and few medium roots; one coarse 8-cm 
diameter root; several layers of stratified light gray 
(10YR 7/1) silty clay material occurs near the 
surface from stream overflow events; abrupt smooth 
boundary. 
Very dark gray (10YR 3/1) silty muck with few 
fine prominent tubular yellowish red (5YR 5/8) 
mottles; very weak subangular blocky structure; few 
medium circular pores; many fine roots; circular 
pores, vughs, and metavughs are 2-mm in diameter 
and occupy about 3 % of the horizon; abrupt smooth 
boundary. 
Grayish brown (10YR 5/2) coarse sand with 
common medium and coarse prominent tubular 
(5YR 5/8); single grain structure; loose; few 
medium irregular pores that occupy 4% of the 
horizon; abrupt smooth boundary. 
Reddish yellow (7.5YR 6/8) coarse sand with many 
coarse prominent white (10YR 8/1) mottles; single 
grain structure; loose; 83% rounded 3-cm to 6-cm 
diameter coarse fragments. 
White (10YR 8/2) coarse sand with many coarse 
distinct tongued yellow (10YR 8/8) mottles; weak 
massive structure; friable; interwoven layers of gray 
(10YR 5/1) fine sand and white (10YR 8/2) coarse 
sand separated by common (5%) fine distinct 
banded yellow (10YR 8/8) mottles; abrupt smooth 
boundary. 
Light gray (10YR 7/2) coarse sand; single grain 
structure; loose. 
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Site # MAO 10.XII 
Pedon #: 93735 
Location: Amherst, MA 
Series: Enosburg variant 
Taxonomic Subgroup: Histic Humaquept 
Sampling Date: September 20, 1992 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oe 25-0 
A 0-2 
Cg 2-9 
Oeb 9-17 
2Clg ' 17-22 
2C2g 22-60 + 
Very dark gray (5YR 3/1) mucky peat; weak crumb 
structure; friable; many fine and many coarse roots; 
abrupt smooth boundary. 
Very dark gray (N2/) clay loam; abrupt smooth 
boundary. 
Light greenish gray (5G 7/1) silty clay loam with 
common (7%) coarse prominent yellow (10YR 7/8) 
ferrans; platy structure; firm; many medium 
rounded and many medium oval pores; few fine 
roots; few incorporated organic deposits from the 
Oeb horizon present; gradual boundary. 
Dark reddish brown (5YR 3/2) mucky peat; weak 
platy structure; loose; buried organic deposit; no 
living roots; abrupt smooth boundary. 
(10YR 6/1) fine sand with common (5%) coarse 
distinct irregular reddish yellow (7.5YR 7/8) 
mottles; weak subangular blocky structure; friable; 
at the boundary between the 2Cgl and the 2Cg2 
horizon, common (7%) medium distinct reddish 
yellow (7.5YR 7/8) mottles occur; abrupt smooth 
boundary. 
Light gray (10YR 7/2) coarse sand; single grain 
structure; very loose; 75% rounded 1-cm to 8-cm 
diameter coarse fragments. 
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Site # MAO 10.XIII 
Pedon #: 93732 
Location: Amherst, MA 
Series: Enosburg variant 
Taxonomic Subgroup: Histic Humaquept 
Sampling Date: September 20, 1992 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oe 25-0 Very dark gray (N2/) mucky peat; common (5%) 
medium distinct white (5YR 8/1) mottles; weak 
subangular blocky structure breaking to crumb; very 
friable; common (5%) medium rounded and 
common (5%) medium oval pores; abrupt smooth 
boundary. 
Clg 0-2 Gray (N5/) sandy loam; weak single grain structure; 
loose; abrupt smooth boundary. 
C2g 2-83+ Light gray (10YR 7/2) sand with common (5%) 
coarse prominent tongued reddish yellow (5YR 6/8) 
ferrans; single grain structure; loose; 6% rounded 
coarse fragments; few fine and few coarse roots; 
mottles occur around coarse fragments and at the 
maximum extent of the roots. 
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Site # MA010.5 (MA010.XIV) 
Pedon #: 93726 
Location: Amherst, MA 
Series: Ninigret taxadjunct 
Taxonomic Subgroup: Typic Humaquept 
Sampling Date: September 13, 1992 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 6-0 
A 0-22 Very dark gray (N2/) silty clay loam; weak 
subangular blocky structure; friable; common fine 
tubular pores; many fine and many medium roots; 
few coarse roots; some fine decayed roots; common 
(10%) fine old root channels; clear smooth 
boundary. 
Clg 22-39 Dark grayish brown (10YR 4/2) loamy coarse sand; 
single grain structure; loose; 7% rounded and 
angular 2-cm to 3-cm diameter coarse fragments; 
common (5%) medium roots; coarse fragments are 
composed of gravel and some rotten rocks; gradual 
smooth boundary. 
C2g 39-46 Light gray (10YR 7/2) coarse sand; single grain 
structure; loose; 35% rounded 5-cm diameter coarse 
fragments; common medium roots; gradual smooth 
boundary. 
C3g 46-80 Light gray (10YR 7/1) coarse sand; single grain 
structure; loose. 
C4g 80-100 + Light gray (10YR 7/1) very coarse sand. 
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Site # MA010.XV 
Pedon it: 93721 
Location: Amherst, MA 
Series: Enosburg variant 
Taxonomic Subgroup: Histic Humaquept 
Sampling Date: September 13, 1992 
Parent Material: Stratified sandy outwash 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oa 15-0 
Cg 0-4 
Ab 4-24 
2Clg 24-65 
3C2g 65-93 + 
Very dark gray (5YR 3/1) muck; weak platy 
structure; friable; common medium and few coarse 
roots; 3% decayed roots; abrupt smooth boundary. 
Gray (10YR 5/1) clay loam; moderate platy 
structure; firm; many fine and few medium roots; 
abrupt smooth boundary. 
Very dark gray (5YR 3/1) clay loam; weak platy 
structure; friable; many fine and few medium roots; 
some decayed roots; moist soil contains remains of 
Pinus strobus and Tsuga canadensis; abrupt smooth 
boundary. 
Gray (10YR 6/1) sand with common (5%) medium 
distinct irregular brownish yellow (10YR 6/8) and 
few coarse distinct very pale brown (10YR 7/4) 
mottles; weak subangular blocky structure breaking 
to single grain; friable; 65% rounded 1-cm to 3-cm 
diameter coarse fragments. 
Light gray (10YR 7/1) sand. 
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Site ft MAO 10.XVI 
Pedon #: 93716 
Location: Amherst, MA 
Series: Swansea taxadjunct 
Horizon Depth (cm) 
Oa 42-0 
A 0-9 
Clg 9-17 
2C2 17-57 
3C3 57-100 + 
Taxonomic Subgroup: Terric Medisaprists 
Sampling Date: September 13, 1992 
Parent Material: Organic over sandy mineral 
Hydric Status: Hydric 
Very dark gray (N2/) muck; weak subangular 
blocky structure; friable; many fine and many 
medium roots; few coarse roots; abrupt smooth 
boundary. 
Very dark gray (10YR 3/1) clay loam with many 
medium prominent tongued white (5YR 8/1) 
mottles; weak platy structure; friable; many fine 
and many medium roots; visible plant remains are 
interrupted by many medium prominent 5-mm wide 
bands of white (5YR 8/1) silty clay loam; abrupt 
smooth boundary. 
White (5YR 8/1) sand with common (5%) medium 
distinct tubular and irregular reddish brown (5YR 
4/3) neomangans; weak subangular blocky 
structure; very loose; common medium roots; clear 
smooth boundary. 
Reddish yellow (5YR 6/8) gravelly; structureless; 
single grain; 70% rounded and angular 3-mm to 
10-cm diameter coarse fragments. 
Dark yellowish brown (10YR 4/6) sand. 
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Site # MA010.6 (MA010.XVII) 
Pedon #: 93710 
Location: Amherst, MA 
Series: Swansea taxadjunct 
Taxonomic Subgroup: Terric Medisaprist 
Sampling Date: September 13, 1992 
Parent Material: Organic over sandy mineral 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oel 41-9 
Oe2 9-0 
Very dark gray (5YR 3/1) muck; few rotten rocks; 
many skeleton sand grains; many roots, all sizes; 
clear wavy boundary. 
Very dark gray (5YR 3/1) muck with common 
(5%) fine distinct circular and tubular brown 
(7.5YR 5/2) neomangans; friable; common medium 
tubular pores; many fine and few medium roots; 
common medium old root channels; undecomposed 
leaves are pressed between finer organic layers; 
abrupt smooth boundary. 
Clg 0-1 Light gray (N6/) silt loam; abrupt smooth 
boundary. 
2C2 1-4 
2C3 4-24 
2C4 24-34 + 
Reddish yellow (7.5YR 7/8) loamy sand with 
common (7%) coarse prominent tongued light gray 
(N6/) mottles; single grain structure; loose; many 
medium roots; clear smooth boundary. 
Light yellowish brown (10YR 6/4) loamy sand with 
common (10%) coarse distinct gray (10YR 6/1) 
quasialbans; weak angular blocky structure breaking 
to single grain; loose; less than 1 % rounded 2-cm 
diameter coarse fragments; few fine and few 
medium roots; gray (10YR 6/1) quasialbans occur 
adjacent to root channels; few decomposing round 
ed and triangular roots. 
Light yellowish brown (10YR 6/4) loamy coarse 
sand; 15% rounded coarse fragments. 
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Taxonomic Subgroup: Aquic Udipsamment 
Sampling Date: September 13, 1992 
Parent Material: Sandy outwash 
Hydric Status: Non-hydric 
Horizon Depth (cm) 
Oi/Oe 1-0 
Site # MAO 10.7 (MAO 10.XVIII) 
Pedon #: 93707 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
A 0-18 Black (10YR 2/1) sandy loam with few fine 
prominent tubular yellow (10YR 7/8) neoferrans, 
few fine prominent tubular light gray (10YR 7/1) 
quasialbans, and few fine prominent reddish black 
(10R 2.5/1) mangans; weak subangular blocky 
structure; friable; many fine and few medium roots; 
one coarse root; 2% of the roots in this horizon are 
decomposed; few skeleton sand grains; finer silt 
associated with coarser root channels; clear wavy 
boundary. 
C 18-99+ Light yellowish brown (10YR 6/4) sand with 
common (15%) medium distinct light gray (10YR 
7/1) albans and common (5%) medium prominent 
reddish yellow (7.5YR 7/8) ferrans; massive 
structure; loose; less than 1% rounded 5-cm 
diameter coarse fragments; many medium tubular 
pores; few medium roots; few medium decomposed 
roots. 
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Site # MAO 10.XIX 
Pedon #: 93700 
Location: Amherst, MA 
Series: Eldridge taxadjunct 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: September 13, 1992 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 6-0 Many fine and many medium roots; few coarse 
roots. 
A 0-7 
E 7-12 
Bs 12-34 
Clg 34-44 
C2 44-81 
2C3 81-100 + 
Very dark gray (10YR 3/1) loamy sand; weak 
subangular blocky structure breaking to crumb; 
friable, many fine and many medium roots; few 
coarse roots; skeleton sand grains; abrupt smooth 
boundary. 
Light gray (10YR 7/1) sand with common (5%) 
coarse faint irregular gray (10YR 6/1) mottles; 
weak subangular blocky structure; loose; many fine 
and many medium roots; many of the roots are 
decaying; abrupt smooth boundary. 
Yellow (10YR 7/6) sand with common (10%) 
coarse distinct irregular reddish yellow (7.5YR 6/8) 
quasiferrans and few medium distinct tongued very 
light gray (N8/) neoalbans; structureless; loose; 1% 
rounded 3-mm to 5-cm diameter coarse fragments; 
few medium roots; few medium reddish yellow 
(7.5YR 6/8) mottles surround very light gray (N8/) 
sand pockets; clear smooth boundary. 
Pinkish gray (7.5YR 7/2) sand; very weak 
subangular blocky structure breaking to single 
grain; loose; 6% rounded 3-mm to 1-cm diameter 
coarse fragments. 
Brown (10YR 5/3) sand with few medium distinct 
strong brown (7.5YR 5/8); 5% rounded and angular 
5-mm to 3-cm diameter coarse fragments. 
Brown (7.5YR 5/3) silt loam; moderate platy 
structure; friable; 2% rounded 1-cm diameter coarse 
fragments are embedded in a finer silt loam. 
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Site # MA010.8 (MA010.XX) 
Pedon #: 93694 
Location: Amherst, MA 
Series: Ninigret taxadjunct 
Horizon Depth (cm) 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: September 13, 1992 
Parent Material: Clayey lacust./sandy mantle 
Hydric Status: Non-hydric 
Oi/Oe 2-0 Many fine and medium roots; common coarse 
roots. 
A 0-16 
Bs 16-35 
Clg 35-59 
2C2g 59-83 
3C3 83-100 + 
Very dark gray (10YR 3/1) sandy loam with 
common (15%) coarse distinct tongued light gray 
(10YR 7/1) mottles; weak crumb structure; friable; 
many fine roots; few 2-cm wide pockets of light 
gray (10YR 7/1) medium sand (a discontinuous E 
horizon) occur; common skeleton sand grains; 
abrupt smooth boundary. 
Yellowish brown (10YR 5/4) sand; weak subangular 
blocky structure; loose; few fine and medium roots; 
weak subangular blocky to structureless; clear 
smooth boundary. 
Light brownish gray (10YR 6/2) sand with few 
medium prominent strong brown (7.5YR 5/8) 
mottles; weak subangular blocky structure; loose; 
few fine roots; clear smooth boundary. 
Light gray (N6/) loamy sand with common (5%) 
coarse prominent lenticular strong brown (7.5YR 
5/8) neoferrans; moderate platy structure; friable; 
3 % rounded 2-cm to 3-cm diameter coarse 
fragments; common fine irregular pores; mottles are 
associated with pores; stringers of medium sand 
commonly separate the loamy sand; rounded 
micaceous rotten rocks of feldspar and quartz occur 
at the base of this horizon. 
Brown (7.5YR 5/3) silt with few fine distinct 
lenticular light gray (N7/) and few fine prominent 
lenticular reddish yellow (7.5YR 6/8) mottles; weak 
platy structure; friable. 
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Site tt MAO 10.XXI 
Pedon #: 93685 
Location: Amherst, MA 
Series: Ninigret taxadjunct 
Taxonomic Subgroup: Typic Endoaquod 
Sampling Date: September 13, 1992 
Parent Material: Sandy outwash 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oe/Oi 5-0 Many fine and medium roots, common coarse 
roots. 
A 0-3 
E 3-9 
Bs 9-31 
Clg 31-46 
2C2 46-50 
3C3 50-60 
Very dark gray (N2/) loamy sand; moderate crumb 
structure; friable; many fine roots; common 
skeleton sand grains; abrupt smooth boundary. 
Gray (10YR 6/1) sand; structureless; very loose; 
few medium and few coarse roots; clear smooth 
boundary. 
Brown (7.5YR 5/3) loamy sand with common 
(15%) coarse distinct circular gray (10YR 6/1) 
mottles; weak subangular blocky structure; very 
loose; few medium decomposing roots; clear 
boundary. 
Light gray (10YR 7/2) sand; structureless; very 
loose; 14% rounded 1-cm to 2-cm diameter coarse 
fragments; pockets of fine sand stringers that are 1- 
cm to 2-cm wide are interwoven into the medium 
sand; abrupt smooth boundary. 
Brown (7.5YR 5/2) silt loam with common (15%) 
coarse distinct lenticular strong brown (7.5YR 5/8) 
and common (14%) coarse distinct lenticular light 
gray (N6/) mottles. 
Grayish brown (10YR 5/2) sand with common (5%) 
medium prominent red (2.5YR 5/8) mottles; 4% 
rounded 1-cm to 2-cm diameter coarse fragments. 
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4C4 60-93 
5C5 
Dark yellowish brown (10YR 4/4) silt loam with 
common (5%) fine distinct reddish yellow (7.5YR 
6/8) and few medium distinct pinkish gray (7.5YR 
7/2) mottles; 4% rounded 2-cm to 3-cm diameter 
coarse fragments; mottles occur as neoalban- 
quasiferrans. 
93-105+ Yellowish brown (10YR 5/4) loamy sand with 
common (5%) fine to medium distinct irregular 
light gray (N6/) neoalbans; common medium 
circular pores; the gray (7.5YR 6/0) neoalbans 
surround the irregular pores. 
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Site # MA011.1 (MAO 11.1) 
Pedon #: 93500 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi 3-0 
Ap 0-19 
Bg 19-35 
Cl 35-42 
C2 42-57 
C3 57-90 
C4 90-95 
2C5 95-108 + 
Taxonomic Subgroup: Aerie Endoaquepts 
Sampling Date: July 14, 1992 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Abrupt smooth boundary. 
Very dark gray (10YR 3/1) very fine sandy loam; 
moderate subangular blocky structure; friable; 
many medium roots; many fine oxidized 
rhizospheres; abrupt smooth boundary. 
Gray (10YR 6/1) fine sandy loam with common 
(5%) medium prominent tubular red (2.5YR 4/8) 
and many coarse distinct brown (10YR 5/3) 
mottles; weak subangular blocky structure; friable; 
common medium oxidized rhizospheres; clear 
smooth boundary. 
Yellowish brown (10YR 5/6) fine sand with many 
coarse distinct yellowish red (5YR 5/8) mottles; 
subangular blocky structure; firm. 
Reddish brown (5YR 4/4) silt loam. 
Light yellowish brown (10YR 6/4) fine sand. 
Dark reddish brown (5YR 3/3) fine sand with 
common (6%) medium faint banded dark reddish 
brown (5YR 3/2) and common (5%) medium 
prominent banded yellowish brown (10YR 5/8) 
mottles. 
Dark bluish gray (5B 4/1) silt loam. 
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Site it MA011.II 
Pedon it: 93508 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi/Oe 9-0 
Ap 0-17 
Cl 17-37 
C2g 37-58 
C3g 58-91 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 14, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Non-hydric 
Abrupt smooth boundary. 
Very dark gray (10YR 3/1) sandy loam with 
common (5%) medium distinct tubular light 
brownish gray (10YR 6/2) and few fine prominent 
tubular yellowish red (5YR 5/8) mottles; weak 
granular structure; friable; many fine and few 
medium roots; oxidized rhizospheres; abrupt smooth 
boundary. 
Light yellowish brown (10YR 6/4) sand with many 
coarse distinct yellowish brown (10YR 5/8) mottles; 
moderate subangular blocky structure; friable; many 
fine roots; clear boundary. 
Light brownish gray (10YR 6/2) sand with many 
fine prominent lenticular dusky red (10R 3/2) 
mottles; weak single grain structure; loose. 
Light brownish gray (10YR 6/2) sand with many 
coarse distinct reddish yellow (7.5YR 7/8) mottles. 
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Site # MAO 11.Ill 
Pedon #: 93513 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi/Oe 7-0 
Ap 0-16 
Eg 16-22 
Taxonomic Subgroup: Typic Endoaquod 
Sampling Date: July 14, 1992 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Dark gray (10YR 4/1) silty loam with few medium 
faint tubular dark brown (10YR 4/3) mottles; 
moderate subangular blocky structure; friable; many 
fine and few medium roots; many oxidized 
rhizospheres; abrupt smooth boundary. 
White (10YR 8/1) sand with few to common and 
fine to medium distinct tubular brownish yellow 
(10YR 6/8) mottles; weak subangular blocky 
structure; loose; many fine roots; gradual boundary. 
Bs 22-39 
Cl 39-63 
C2g 63-93 + 
Yellowish red (5YR 5/8) sand with many coarse 
prominent tongued dark red (10R 3/6) and many 
coarse prominent tongued dark reddish gray (10R 
3/1) mottles; strong platy structure; firm; few fine 
roots; manganese coats the peds and causes the peds 
to split along this manganese mottling line; roots 
also follow this passage; gradual boundary. 
Yellowish brown (10YR 5/4) sand with common 
(10%) medium distinct strong brown (7.5YR 5/8) 
and common (10%) fine prominent red (2.5YR 4/8) 
mottles; weak subangular blocky structure; loose. 
Pinkish gray (7.5YR 7/2) sand with few fine 
distinct reddish yellow (7.5YR 7/8) mottles; single 
grain structure; loose. 
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Site # MAO 11. IV 
Pedon #: 93519 
Location: Amherst, MA 
Series: Enosberg taxadjunct 
Horizon Depth (cm) 
Oi 7-0 
Ap 0-15 
Clg 15-25 
C2g 25-34 
C3 34-56 
C4 56-93 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 14, 1992 
Parent Material: Stratified sandy glacial drift 
Hydric Status: Hydric 
Dark gray (10YR 4/1) sandy loam with many 
coarse distinct circular very dark gray (N2/) and 
few medium prominent circular very light gray 
(N8/) mottles; weak subangular blocky structure; 
friable; many fine roots; manganese and iron 
concretions average 2 cm long by 0.5 cm wide and 
are characterized by their red (2.5YR 5/8) color; 
abrupt smooth boundary. 
Dark gray (10YR 4/1) coarse sand with many 
medium prominent tubular reddish yellow (7.5YR 
6/8) and many coarse faint gray (10YR 6/1) 
mottles; weak subangular blocky structure; loose; 
few fine roots; oxidized rhizospheres occur aroun 
d fine root channels; gradual boundary. 
Grayish brown (10YR 5/2) sand; weak subangular 
blocky structure; loose; few fine roots; gradual 
boundary. 
Dark yellowish brown (10YR 4/4) sand with few 
fine prominent dark red (10R 3/6) mottles; 
moderate subangular blocky structure; friable; 
gradual boundary. 
Brown (10YR 5/3) sand with few fine and common 
(10%) medium distinct strong brown (7.5YR 5/8) 
mottles; structureless; reddish yellow (7.5YR 7/8) 
mottles begin at 93-cm. 
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Taxonomic Subgroup: Aerie Humaquept 
Sampling Date: July 14, 1992 
Parent Material: Stratified sandy glacial drift 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 7-0 
Site tt MA011.V 
Pedon tt\ 93525 
Location: Amherst, MA 
Series: Amostown taxadjunct 
Ap 0-18 
Eg 18-25 
Bhs 25-34 
Cl 34-45 
C2g 45-90 
C3g 90-93 + 
Very dark gray (10YR 3/1) sandy loam with few 
fine distinct strong brown (7.5YR 5/8) and common 
(5%) medium prominent tubular very light gray 
(N7/) mottles; moderate subangular blocky 
structure; friable; many fine and many medium 
roots, few coarse roots; soft 2-mm iron concretions 
and oxidized rhizospheres occur in this horizon; 
abrupt smooth boundary. 
Gray (10YR 6/1) sand with many coarse faint 
circular dark gray (10YR 4/1) mottles; weak 
subangular blocky structure; friable; many fine and 
many medium roots; oxidized rhizospheres still 
present in this horizon; abrupt smooth boundary. 
Dark reddish brown (5YR 3/2) sand with common 
(10%) medium prominent light brownish gray 
(10YR 6/2) mottles; weak subangular blocky 
structure; loose; few fine roots. 
Yellowish brown (10YR 5/6) sand with common 
(10%) medium faint strong brown (7.5YR 5/6) 
mottles; weak angular blocky structure; friable; 
clear boundary. 
Light brownish gray (10YR 6/2) sand with many 
coarse prominent red (2.5YR 5/8) mottles; 
moderate subangular blocky structure; friable. 
Light brownish gray (10YR 6/2) sand with few fine 
distinct yellow (10YR 8/8) mottles. 
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Site # MA011.2 (MA011.VI) 
Pedon #: 93532 
Location: Amherst, MA 
Series: Amostown taxadjunct 
Horizon Depth (cm) 
Oi/Oe 7-0 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 14, 1992 
Parent Material: Stratified sandy glacial drift 
Hydric Status: Non-hydric 
Ap 0-18 
B 18-30 
Clg 30-36 
2C2 36-70 
2C3 70-100 + 
Very dark grayish brown (10YR 3/2) fine sandy 
loam with common (10%) medium distinct irregular 
brownish yellow (10YR 6/6), few medium distin 
ct gray (10YR 6/1), and few fine prominent reddi 
sh yellow (5YR 7/8) mottles; strong subangular 
blocky structure; firm; many fine roots; few fine 
oxidized rhizospheres; abrupt smooth boundary. 
Pale brown (10YR 6/3) loamy sand with common 
(10%) medium distinct reddish yellow (7.5YR 6/8) 
mottles; weak subangular blocky structure; friable; 
few fine roots; clear smooth boundary. 
Dark gray (N6/) very fine sandy loam with common 
(10%) coarse prominent dark brown (7.5YR 3/2) 
and common (10%) medium prominent reddish 
yellow (7.5YR 6/8) mottles; strong platy structure; 
very firm; few fine roots; strong sulfur aroma; clear 
smooth boundary. 
Light brown (7.5YR 6/3) fine sand with many 
coarse distinct reddish brown (5YR 4/4) mottles; 
single grain structure; loose; many skeleton sand 
grains. 
Light brown (7.5YR 6/3) sand; single grain 
structure; loose. 
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Site # MAO 11.VII 
Pedon #: 93538 
Location: Amherst, MA 
Series: Amostown taxadjunct 
Horizon Depth (cm) 
Oi 4-0 
Ap 0-13 
Bw 13-19 
BC1 19-37 
BC2 37-96 + 
Taxonomic Subgroup: Aquic Dystrocrept 
Sampling Date: July 14, 1992 
Parent Material: Silty/sandy stratif. glac. drift 
Hydric Status: Non-hydric 
Very dark grayish brown (10YR 3/2) silt loam with 
common (5%) coarse distinct tubular brownish 
yellow (10YR 6/6) and many medium faint circular 
dusky red (10R 3/3) mottles; moderate subangular 
blocky structure; friable; many fine and few 
medium roots; the Ap horizon is marbled (5%) with 
the Bw horizon; iron and manganese concretions are 
oval, tubular, and round; fine skeleton grains are 
also present within this horizon; abrupt smooth 
boundary. 
Brownish yellow (10YR 6/6) sand; moderate 
angular blocky structure; friable; many fine roots; 
skeleton grains occcur in a 3-mm diameter 
krotovina which is composed of Ap horizon 
material; oxidized rhizospheres still present; abrupt 
smooth boundary. 
Yellowish brown (10YR 5/6) sand with common 
(10%) fine distinct reddish yellow (7.5YR 6/8) and 
few medium tongued dark yellowish brown (10YR 
4/4) mottles; moderate subangular blocky structure; 
friable; a coarse very light gray (N8/) circle of 
skeleton sand grains occurs at a depth of 31 cm; 
coating this circle of skeleton sand grains is the 
dark yellowish brown (10YR 4/4) mottle; 
krotovinas are present in this horizon and few fine 
roots follow this passage; clear boundary. 
Light yellowish brown (10YR 6/4) fine sand with 
few medium distinct strong brown (7.5YR 5/8) 
ferrans and common (5%) medium prominent 
tongued very dark gray (5YR 3/1) mottles; weak 
subangular blocky structure; firm; few fine roots; 
very light gray N8/ albanic sand grains coat all 
peds; gradual increase in very dark gray (5YR 3/1) 
banded mangans occurs with increasing depth. 
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Site # MA011.4 (MA011.VIII) 
Pedon #: 93543 
Location: Amherst, MA 
Series: Amostown taxadjunct 
Horizon Depth (cm) 
Taxonomic Subgroup: Aerie Humaquept 
Sampling Date: July 14, 1992 
Parent Material: Silty/sandy stratif. glac. drift 
Hydric Status: Hydric 
Oi/Oe 5-0 
Ap 0-19 
Clg 19-60 
2C2 60-90 
2C3 90-100 + 
Very dark gray (10YR 3/1) loam with many fine 
prominent red (2.5YR 5/8) and few medium distinct 
brownish yellow (10YR 6/6) mottles; moderate 
platy structure; friable; many fine and many 
medium roots; many 1-cm diameter iron and 
manganese concretions; abrupt smooth boundary. 
Light brownish gray (10YR 6/2) silt loam with 
many coarse distinct yellowish brown (10YR 5/8) 
mottles; moderate subangular blocky structure; 
friable; few fine roots; 5-mm diameter krotovinas 
occur between 18-cm and 21-cm; peds are coated 
with fine skeleton grains. 
Light brownish gray (10YR 6/2) fine sand with 
many coarse distinct yellowish brown (10YR 5/8) 
mottles; single grain structure; loose. 
Strong brown (7.5YR 5/8) sand with few fine 
prominent dusky red (2.5YR 3/2) and few medium 
distinct pinkish gray (7.5YR 7/2) mottles; single 
grain structure; loose. 
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Taxonomic Subgroup: Typic Endoaquent 
Sampling Date: July 14, 1992 
Parent Material: Silty lacustrine 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 5-0 
Site # MAO 11. IX 
Pedon #: 93548 
Location: Amherst, MA 
Series: Amostown taxadjunct 
AP °-17 Dark gray (10YR 4/1) silt loam with few fine 
distinct yellow (10YR 8/8) and common (5%) 
medium distinct light gray (10YR 7/2) mottles; 
moderate subangular blocky structure; friable; many 
fine roots; oxidized rhizospheres and krotovinas are 
present; abrupt smooth boundary. 
Clg 17-36 Gray (5YR 6/1) silt with many coarse prominent 
reddish yellow (5YR 7/8) and common (5%) 
medium prominent light gray (10YR 7/1) mottles; 
weak subangular blocky structure; friable; many 
fine roots; krotovinas of 5-mm diameter are dark 
gray (5YR 4/1) in color; gradual boundary. 
C2g 36-95 + Grayish brown (10YR 5/2) fine sand with common 
(5 %) medium distinct dark red (2.5YR 3/6) and few 
coarse faint gray (10YR 6/1) mottles; weak 
subangular blocky structure; friable; skeleton sand 
grains coat peds; gradual boundary. 
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Site ft MA011.X 
Pedon #: 93552 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi 3-0 
Ap 0-20 
Bg 20-27 
Cl 27-90 
C2 90-107 + 
Taxonomic Subgroup: Aerie Endoaquent 
Sampling Date: July 15, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Hydric 
Dark gray (10YR 4/1) silt loam with few medium 
faint light brownish gray (10YR 6/2) and few fine 
distinct yellow (10YR 7/8) mottles; moderate 
subangular blocky structure; friable; many fine 
roots; oxidized rhizospheres; abrupt smooth 
boundary. 
Dark gray (10YR 4/1) very fine sand with common 
(10%) medium prominent red (2.5YR 4/8) and 
common (5%) coarse faint gray (10YR 5/1) 
mottles; moderate subangular blocky structure; 
loose; many fine and few medium roots; diffuse 
boundary. 
Yellowish brown (10YR 5/6) sand with common 
(15%) coarse faint yellowish brown (10YR 5/8) 
mottles; single grain structure; friable; clear 
boundary. 
Brown (10YR 5/3) coarse sand with many coarse 
distinct yellowish brown (10YR 5/8) mottles; 
structureless; loose; clear boundary. 
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Site # MAO 11. XI 
Pedon #: 93557 
Location: Amherst, MA 
Series: Enosburg variant 
Horizon Depth (cm) 
Oi 7-0 
Ap 0-15 
Bs 15-25 
Cl 25-42 
C2 42-70 
C3 70-93 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 15, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Non-hydric 
Very dark gray (10YR 3/1) silt loam with few 
medium faint gray (10YR 6/1) and few fine distinct 
brownish yellow (10YR 6/8) mottles; weak granular 
structure; friable; many fine and few medium roots; 
abrupt smooth boundary. 
Strong brown (7.5YR 5/6) very fine sand with 
common (5%) fine prominent dusky red (10R 3/3) 
and few medium distinct reddish yellow (5YR 6/8) 
mottles; weak granular structure; loose; weakly 
cemented iron in areas; few medium roots; clear 
boundary. 
Brownish yellow (10YR 6/8) coarse sand with 
common (5%) medium distinct very pale brown 
(10YR 7/4) and many coarse prominent red (2.5YR 
4/8) mottles; strong subangular blocky structure; 
firm; very pale brown (10YR 7/4) mottles occurring 
in bands; clear boundary. 
White (10YR 8/1) coarse sand with few medium 
prominent yellowish red (5YR 4/6); weak 
subangular blocky structure; loose; skeleton sand 
grains are present throughout this horizon; diffuse 
boundary. 
Dark brown (7.5YR 4/3) sand with common (15%) 
medium prominent dark reddish gray (10R 3/1) 
mangans, common (5%) medium distinct light gray 
(N7/), and few fine distinct yellow (10YR 8/8) 
mottles; the manganese mottling in the wet sand is 
very vivid. 
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Taxonomic Subgroup: Typic Humaquept 
Sampling Date: July 15, 1992 
Parent Material: Loamy glacial drift 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi 3-0 
Site # MA011.5 (MA011.XII) 
Pedon #: 93563 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Ap 0-18 Gray (N5/) loam with many fine distinct reddish 
yellow (7.5YR 7/8), many fine faint dark brown 
(7.5YR 4/2), few medium faint brown (7.5YR 5/2), 
and few fine prominent red (2.5YR 5/8) oxidized 
rhizospheres; moderate subangular blocky structure; 
firm; many fine roots; abrupt smooth boundary. 
Clg 18-33 Light brownish gray (10YR 6/2) very fine sandy 
loam with common (10%) medium distinct yellow 
(10YR 7/8) mottles; weak subangular blocky 
structure; friable; clear smooth boundary. 
C2g 33-100+ Light brownish gray (10YR 6/2) fine sandy loam 
with common (5%) medium distinct dark brown 
(7.5YR 4/4) mottles; weak subangular blocky 
structure; friable; many fine roots; skeleton sand 
grains coat ped surfaces. 
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Site # MAO 11.XIII 
Pedon #\ 93567 
Location: Amherst, MA 
Series: Enosburg variant 
Horizon Depth (cm) 
Oi 6-0 
Ap 0-15 
Bg 15-21 
Clg 21-31 
C2 31-53 
C3 53-80 
C4 80-102 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 15, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Hydric 
Dark gray (10YR 4/1) very fine sand with few 
medium faint gray (10YR 6/1) mottles; moderate 
subangular blocky structure; firm; many fine and 
few medium roots; abrupt smooth boundary. 
Light gray (N6) clay loam with many fine 
prominent dark reddish brown (2.5YR 3/3) and 
many fine prominent light red (2.5YR 6/8) mottles; 
moderate subangular blocky structure; firm; many 
medium roots; abrupt smooth boundary. 
Light brownish gray (10YR 6/2) fine sand with 
common (5%) medium prominent light gray (N7/) 
and common (5%) coarse prominent yellowish red 
(5YR 4/6) mottles; weak subangular blocky 
structure; loose; many fine and many medium 
roots; the Bg horizon streaks common (4%) 
medium prominent gray (N6/) into this horizon; 
skeleton sand grains coat ped surfaces. 
Brown (10YR 5/3) sand with many fine prominent 
tongued dark reddish brown (5YR 3/3) mottles; 
strong subangular blocky structure; firm; skeleton 
sand grains coat ped surfaces. 
Brown (10YR 5/3) sand with many coarse 
prominent reddish yellow (5YR 7/8) and many fine 
and medium prominent very dark gray (5YR 3/1) 
mottles. 
Yellowish brown (10YR 5/6) fine sand with many 
coarse prominent tongued reddish yellow (5YR 7/8) 
and few coarse distinct reddish yellow (7.5YR 7/8) 
mottles; reddish yellow (5YR 7/8) mottles are more 
horizontally banded than in the C2 horizon. 
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Site # MAO 11.XIV 
Pedon #: 93574 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi 6-0 
Ap 0-17 
Bg 17-29 
Cl 29-46 
C2g 46-49 
C3 49-61 
C4 61-85 
C5g 85-99 + 
Taxonomic Subgroup: Aerie Humaquept 
Sampling Date: May 2, 1993 
Parent Material: Sandy glacial drift 
Hydric Status: Hydric 
Very dark gray (10YR 3/1) fine sandy loam; 
moderate subangular blocky structure; friable; many 
fine and few medium roots; many fine brown- 
colored dead roots; abrupt smooth boundary. 
Dark gray (10YR 4/1) fine sand with few medium 
faint dark grayish brown (10YR 4/2), few medium 
faint very dark gray (10YR 3/1), and few medium 
distinct brownish yellow (10YR 6/8) ferrans that 
appear as fine coatings between peds; weak 
subangular blocky structure; loose; many fine roots; 
dark grayish brown (10YR 4/2) organs present; 
clear smooth boundary. 
Dark brown (7.5YR 4/3) sand with common (5%) 
medium prominent dusky red (2.5YR 3/2) and few 
medium distinct very dark gray (N3/) mottles; weak 
subangular blocky structure; very loose; many fine 
and few medium roots; dusky red (2.5YR 3/2) 
mottles are banded and stained with manganese; few 
medium distinct light gray (5YR 7/1) krotovinas; 
gradual boundary. 
Pinkish gray (7.5YR 6/2) very fine sand with 
common (5%) medium faint light gray (N6/) and 
common (5%) medium distinct reddish yellow 
(7.5YR 7/8) mottles; weak subangular blocky 
structure; friable; clear smooth boundary. 
Light yellowish brown (10YR 6/4) sand. 
Yellowish brown (10YR 5/4) sand. 
Light brownish gray (10YR 6/2) sand with common 
(10%) medium distinct yellow (10YR 7/8) mottles. 
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Site # MA011.XV 
Pedon #: 93582 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi/Oe 3-0 
Taxonomic Subgroup: Typic Endoaquept 
Sampling Date: July 28, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Hydric 
Ap 0-14 
Bg 14-23 
Clg 23-35 
C2g 35-79 
C3 79-102 
C4 102-121 + 
Dark gray (10YR 4/1) silt loam with common 
(10%) medium distinct tubular light gray (10YR 
7/1) neoalbans; weak crumb structure; loose; many 
very fine and many medium roots; abrupt smooth 
boundary. 
Dark gray (N4/) fine sandy loam with many 
medium faint tubular light gray (N6/) neoalbans and 
common (5%) medium prominent tubular yellow 
(10YR 7/8) quasiferrans; weak subangular blocky 
structure; loose; many fine roots; mottles are 
neoalban quasiferrans; abrupt smooth boundary. 
Light gray (10YR 7/2) fine sand with many fine 
prominent tubular yellowish red (5YR 5/8) 
neoferrans; weak subangular blocky structure; very 
loose; common fine circular pores; few fine and 
few medium roots; clear smooth boundary. 
Pinkish gray (5YR 6/2) fine sand with many 
medium distinct yellowish red (5YR 5/8) and 
common (10%) medium prominent dark red (10R 
3/6) mottles; loose. 
Dark brown (10YR 4/3) fine sand with many coarse 
distinct brownish yellow (10YR 6/8) and many 
coarse prominent dusky red (10R 3/3) mottles; 
dusky red (10R 3/3) mottles occur in the center of 
the soil peds and are surrounded by many medium 
gray (5YR 6/1) mottles at the ped surface; mottles 
are neomangan quasialbans. 
Reddish gray (10R 6/1) fine sand with few fme 
distinct brownish yellow (10YR 6/8) mottles. 
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Site it MAO 11.XVI 
Pedon #: 93589 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi/Oe 6-0 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 28, 1992 
Parent Material: Silty/sandy glacial drift 
Hydric Status: Hydric 
Ap 0-16 
Bg 16-33 
Cl 33-50 
C2 50-80 
C3 80-94 + 
Dark gray (10YR 4/1) sandy loam with few fine 
distinct light gray (10YR 7/1) mottles; subangular 
blocky structure; friable; few fine and many 
medium; few coarse sand grains mixed into the 
horizon; abrupt smooth boundary. 
Gray (10YR 5/1) silt loam with few medium 
distinct very pale brown (10YR 7/3) mottles; 
moderate subangular blocky structure; friable; many 
fine roots; abrupt smooth boundary. 
Light brownish gray (10YR 6/2) sand with many 
coarse prominent tongued reddish brown (2.5YR 
4/4) vertically streaked mottles; moderate 
subangular blocky structure; friable. 
Brown (10YR 5/3) sand with common (5%) fine 
distinct dark gray (10YR 4/1) and few medium 
distinct light gray (10YR 7/2) mottles; single grain 
structure. 
Brown (10YR 5/3) sand with common (5%) 
medium prominent tongued dark reddish gray (10R 
3/1) mangans; few medium distinct dark gray 
(10YR 4/1) and few medium distinct light gray 
(10YR 7/2) mottles from the C2 horizon are also 
present. 
279 
Site it MAO 11.XVII 
Pedon #: 93595 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi/Oe 5-0 
Taxonomic Subgroup: Typic Endoaquept 
Sampling Date: July 28, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Hydric 
Ap 0-14 
Bg 14-28 
Clg 28-34 
C2g 34-41 
C3g 41-63 
C4g 63-70 + 
Dark gray (10YR 4/1) silt loam; weak crumb 
structure; friable; many fine and medium roots; few 
fine dead roots; high organic matter content; abrupt 
smooth boundary. 
Gray (10YR 5/1) fine sand with common (5%) 
medium distinct tubular light gray (10YR 7/2) 
neoalbans; moderate subangular blocky structure; 
very friable; few fine and many medium roots; 
abrupt smooth boundary. 
Gray (10YR 6/1) coarse sand; structureless; loose; 
13% rounded 3-mm diameter coarse fragments; 
few fine roots extend into this horizon; abrupt 
smooth boundary. 
Light brownish gray (10YR 6/2) coarse sand; 
structureless; loose; 27% rounded 3-mm to 5-mm 
diameter coarse fragments; few fine roots; clear 
smooth boundary. 
Light brownish gray (10YR 6/2) coarse sand; 
structureless; loose; 1% rounded 3-mm diameter 
coarse fragments; texture grades to a sand and then 
to a fine sand with increasing depth. 
Gray (10YR 6/1) very fine sand with many coarse 
distinct brownish yellow (10YR 6/8) mottles. 
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Site # MAO 11. XVIII 
Pedon #: 93602 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oi 4-0 
Ap 0-14 
Bg 14-24 
Cl 24-85 
2C2 85-92 
2C3 92-101 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: July 28, 1992 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Very dark gray (10YR 3/1) silt loam with few fine 
distinct tubular yellow (10YR 7/8) and many (23%) 
coarse distinct tubular gray (10YR 6/1) mottles; 
weak crumb structure; friable; many fine and few 
medium roots; krotovinas are 2-mm to 5-cm in 
diameter; common (3%) fine distinct brownish 
yellow (10YR 6/8) oxidized rhizospheres are 
present; horizon is high in organic matter; abrupt 
smooth boundary. 
Light gray (10YR 7/2) fine sand with few medium 
distinct tubular brownish yellow (10YR 6/8) 
mottles; weak subangular blocky structure; loose; 
few fine and medium roots; few medium distinct 
brownish yellow (10YR 6/8) mottles occur both as 
quasiferrans and as neoferrans near or around root 
channels; abrupt smooth boundary. 
Pale brown (10YR 6/3) fine sand with many fine 
prominent tubular horizontally oriented dark reddish 
gray (10R 3/1) and many coarse prominent 
yellowish red (5YR 5/8) mottles; weak subangular 
blocky structure; loose; reddish yellow (5YR 6/8) 
mottles increase to common (10%) and medium 
with increasing depth. 
Gray (N5/) silt loam with few medium prominent 
very dark bluish gray (5B 3/1) mottles. 
Brownish yellow (10YR 6/8) very micaceous silt 
loam. 
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Site # MAO 11.XIX 
Pedon #: 93608 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Horizon Depth (cm) 
Oe/Oi 5-0 
Ap 0-20 
Bg 20-28 
Cl 28-72 
C2 72-99 + 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: August 2, 1992 
Parent Material: Silty/sandy stratified drift 
Hydric Status: Hydric 
Dark gray (10YR 4/1) silt loam with common 
(10%) coarse distinct light gray (10YR 7/1) and 
common (12%) medium distinct yellow (10YR 8/8) 
mottles; moderate subangular blocky structure; 
friable; many fine and few coarse roots; mottles are 
neoalbic quasiferrans; abrupt smooth boundary. 
Dark gray (10YR 6/1) very fine sandy loam with 
common (7%) medium prominent tongued and 
tubular reddish yellow (5YR 6/8) neoferrans; 
moderate subangular blocky structure; friable; many 
very fine and few medium roots; pedoturbation 
causing dark gray (10YR 4/1) Ap horizon color into 
5% of the Bg horizon; abrupt smooth boundary. 
Brown (10YR 5/3) very fine sand with common 
(11%) medium distinct tongued dark yellowish 
brown (10YR 4/6) and common (10%) coarse 
distinct tongued gray (10YR 6/1) mottles; very 
weak subangular blocky structure; very friable. 
Dark yellowish brown (10YR 4/4) very fine sand 
with many medium prominent (10R 7/8), few 
medium distinct dark yellowish brown (10YR 4/8), 
and few medium prominent reddish gray (1 OR 6/1) 
mottles; very weak subangular blocky structure; 
friable; mottles are neoalban quasiferrans and are 
positioned such that the reddish gray (10R 6/1) 
mottles are surrounded by the yellow (10YR 7/8) 
mottles which are then surrounded by a dark 
yellowish brown (10YR 4/4) color all in concentric 
rings; texture grades to a silt with increasing depth. 
282 
Site # MA011.6 (MAO 11.XX) 
Pedon #: 93613 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Taxonomic Subgroup: Typic Humaquept 
Sampling Date: August 2, 1993 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 5-0 
Ap 0-16 
Clg 16-21 
C2g 21-39 
C3g 39-60 
C4g 60-90 
Very dark gray (10YR 3/1) mucky loam with 
common (10%) fine distinct very dark gray (N3/) 
neomangans; weak crumb structure; friable; less 
than 1 % rounded 3-mm in diameter coarse 
fragments; many very fine and fine roots; the 
Ap/Clg boundary is dark in color due to the 
abundance of decaying roots; neomangans surround 
and streak away from live roots; abrupt smooth 
boundary. 
Gray (10YR 5/1) fine sandy loam with common 
(5%) fine prominent reddish yellow (5YR 4/6) 
neoferrans coating many fine and few medium 
roots; weak subangular blocky structure; friable; 
common fine circular pores; abrupt smooth 
boundary. 
Light brownish gray (10YR 6/2) loamy fine sand 
with common (5%) medium faint irregular light 
gray (10YR 7/1) siliceous albans and common (5%) 
fine distinct tubular reddish brown (2.5YR 4/4) 
neoferrans; weak subangular blocky structure; 
loose; common fine circular pores; many fine and 
few medium roots; common fine irregular pores. 
Pinkish gray (7.5YR 7/2) sand with common (15%) 
medium distinct reddish yellow (7.5YR 7/8) 
mottles. 
Pinkish gray (7.5YR 7/2) fine sand with many 
coarse prominent banded yellowish red (2.5YR 5/8) 
and few medium distinct dark reddish brown 
(2.5YR 3/4) mottles. 
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C5g 90-100 
2C6g 100-105 + 
Light gray (N6/) very fine sand with many medium 
prominent banded dark reddish gray (10R 3/1) 
mangans. 
Light gray (N6/) silt loam. 
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Site # MAO 11.XXI 
Pedon #: 93621 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Taxonomic Subgroup: Typic Endoaquent 
Sampling Date: August 2, 1992 
Parent Material: Silty lacustrine/sandy mantle 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 3-0 
Apl 0-13 
Ap2 13-21 
Clg 21-38 
C2g 38-70 
Dark gray (10YR 4/1) fine sandy loam with 
common (5%) fine distinct tubular light gray (10YR 
7/1) and common (6%) coarse prominent irregular 
red (2.5YR 5/8) mottles; moderate crumb structure; 
friable; many fine roots; oxidized rhizospheres 
occur along live root channels; clear wavy 
boundary. 
Gray (5YR 6/1) fine sandy loam with common 
(6%) medium distinct irregular reddish brown (5YR 
4/4) neoferrans and many medium prominent 
irregular dark gray (10YR 4/1) mottles; moderate 
crumb structure; friable; common medium and 
many coarse to very coarse roots; reddish brown 
(5YR 4/4) mottles surround medium live roots; 
common (3%) medium prominent dark gray (10YR 
4/1) color from the Apl horizon is intermixed 
within this horizon; coarse, 6-cm diameter roots, 
create irregularities in the boundary between the 
Ap2 and the Cl horizon; abrupt wavy boundary. 
Dark brown (7.5YR 3/2) sand with common (5%) 
fine prominent dark reddish brown (2.5YR 3/4) 
neoferrans and many medium prominent light gray 
(N6/) neoalbans; weak subangular blocky structure; 
loose; common fine circular pores; few medium and 
many coarse roots; common fine irregular pores; 
clear smooth boundary. 
Pinkish gray (5YR 7/2) sand with few medium 
prominent dark reddish brown (2.5YR 3/3) mottles; 
weak single grain structure; very loose; few fine 
irregular pores. 
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C3g 70-92 Light brownish gray (10YR 6/2) micaceous sand 
with many coarse distinct irregular yellow (10YR 
7/8) and many medium prominent tongued dark 
reddish gray (10R 2.5/1) mangans; weak single 
grain structure; loose. 
2C4g 92-102 + Gray (10YR 6/1) micaceous silt loam with common 
(10%) fine prominent dark reddish gray (10R 2.5/1) 
mangans; massive structure; friable. 
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Site # MA011.8 (MAO 11.XXII) 
Pedon #: 93628 
Location: Amherst, MA 
Series: Enosburg taxadjunct 
Taxonomic Subgroup: Aquic Udorthent 
Sampling Date: August 2, 1992 
Parent Material: Silty lacustrine/loamy mantle 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 9-0 
Ap 0-18 
Clg 18-31 
C2 31-95 
C3 95-98 
2C4g 98-107 + 
Dark gray (10YR 4/1) loam with common (10%) 
fine prominent (5YR 6/8) neoferrans surrounding 
live root channels and having a very fine sand to 
silt loam texture; moderate subangular blocky 
structure; friable; many fine and few medium 
roots; 5-cm wide dark gray (10YR 4/1) krotovinas 
occupy 30% of horizon; abrupt smooth boundary. 
Grayish brown (10YR 5/2) fine sandy loam with 
common (10%) coarse distinct irregular brownish 
yellow (10YR 6/8) ferrans, common (5%) coarse 
distinct tubular light gray (10YR 7/1) neoalbans, 
and common (5%) medium distinct dark gray 
(10YR 4/1) mangans surround dead roots; moderate 
subangular blocky structure; friable; many fine 
roots; clear smooth boundary. 
Brown (10YR 5/3) fine sandy loam with few 
medium prominent irregular yellowish brown 
(10YR 5/8) and few fine prominent irregular white 
(10YR 8/1) mottles; massive structure; friable; 
white (10YR 8/1) skeletons occur on ped faces; 
yellowish brown (10YR 5/8) ferrans become 
common (15%) to many and coarse with increasing 
depth; clear smooth boundary. 
Brownish yellow (10YR 6/8) sand with an 
accumulation of iron and manganese, (many coarse 
prominent dark reddish gray (10R 3/1) mangans), 
in tight 2-cm to 3-cm wide bands. 
Dark gray (N4/) silt containing 2-mm to 4-mm wide 
bands of many coarse prominent very dark gray 
(N2.5/) organs which are composed of visible roots 
and leaves. 
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Site # MA011.XXIII 
Pedon #: 93634 
Location: Amherst, MA 
Series: Sciticotaxadjunct 
Taxonomic Subgroup: Aerie Endoaquept 
Sampling Date: August 8, 1992 
Parent Material: Clayey lacustrine 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 5-0 
Ap 0-17 
Bgl 17-24 
Bg2 24-36 
2Clg 36-46 
Dark gray (10YR 4/1) silt loam with many (21%) 
coarse faint tubular gray (10YR 6/1) and common 
(5%) fine distinct yellow (10YR 7/8) mottles; 
moderate subangular blocky structure; firm; few 
fine pores; few fine and many medium roots; 
mottles are neoferran quasialbans; abrupt smooth 
boundary. 
Gray (10YR 6/1) silt loam; moderate subangular 
blocky structure; friable; few medium and few 
coarse roots; few decaying medium roots; clear 
boundary. 
Bluish gray (5B 6/1) fine sand with common (10%) 
medium prominent tubular gray (N6/) neoalbans 
and common (10%) medium yellowish red (5YR 
5/8) neoferrans; weak angular blocky structure; 
friable; many fine circular pores; few fine and few 
medium roots; coarse vacant root channels have 
been reworked into krotovinas; the texture near 
neoferrans and neoalbans is a sandy clay loam; 
clear boundary. 
Bluish gray (5B 5/1) silty clay loam with common 
(5%) medium prominent weak red (10R 4/4) 
neoferrans and many fine prominent reddish yellow 
(5YR 6/8) mottles; weak platy structure; friable; 
many medium circular pores; many fine roots; 
pores are circular to oval and lenticular; silty clay 
loam texture is discontinuous throughout horizon; 
abrupt discontinuous boundary. 
288 
3C2 46-75 Light yellowish brown (10YR 6/4) sand with 
common (5%) coarse distinct light gray (10YR 7/1) 
mottles; single grain structure; very loose. 
3C3 Yellowish brown (10YR 5/6) fine sand with 
common (5%) medium prominent yellowish red 
(5YR 5/8) quasiferrans and common (5%) fine 
prominent dark reddish gray (10R 3/1) mangans; 
single grain structure; very friable; common 
medium irregular pores; yellowish red (5YR 5/8) 
mottles also occur in association with and surround 
dark reddish gray (10R 3/1) manganese mottles 
making them neomangan quasiferrans; dark reddish 
gray (10R 3/1) mangans also occur surrounded by 
1-mm layer of reddish gray (10R 6/1) mottles; both 
of these mottles are associated with irregular pores. 
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Site tt MAO 11.XXIV Taxonomic Subgroup; Aquic Endoaquept 
Pedon #: 93641 Sampling Date: August 8, 1992 
Location: Amherst, MA Parent Material: Clayey/sandy stratified drift 
Series: Scitico taxadjunct Hydric Status: Hydric 
Horizon Depth (cm) 
Oi/Oe 6-0 
Ap 0-18 
Bg 18-27 
Cl 27-53 
C2 53-97 
C3 97-103 + 
Dark gray (10YR 4/1) fine sandy loam with many 
(27%) coarse faint gray (10YR 5/1) albans, few 
fine (< 1-mm) dark red (10R 3/6) neoferrans, few 
fine prominent yellow (2.5Y 8/8), and few medium 
prominent light gray (N6/) albans; weak subangular 
blocky structure; friable; few fine and many 
medium roots; the Ap/Bg horizon boundary is of a 
very dark gray (10YR 3/1) color due to decaying 
roots; abrupt smooth boundary. 
Bluish gray (5B 5/1) clay loam with many coarse 
prominent vertically tubular yellowish red (5YR 
5/8) ferrans; weak subangular blocky structure; 
friable; common fine circular and oval pores; few 
fine and many medium roots; gradual wavy 
boundary. 
Very pale brown (10YR 7/3) sand with common 
(5%) medium distinct brownish yellow (10YR 6/8) 
and few fine prominent dusky red (10R 3/4) 
mottles; weak single grain structure; very loose; 
soil has a strong sulfidic aroma. 
Gray (10YR 6/1) sand with common (15%) medium 
prominent red (2.5YR 4/8) mottles; weak single 
grain structure; very loose; many fine and many 
medium irregular pores. 
Yellowish brown (10YR 5/6) sand with many fine 
prominent dark reddish gray (1 OR 3/1) mottles. 
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Site # MA011.9 (MA011.XXV) 
Pedon #: 93647 
Location: Amherst, MA 
Series: Elmridge variant 
Taxonomic Subgroup: Aquic Dystrochrept 
Sampling Date: August 8, 1992 
Parent Material: Sandy glacial drift 
Hydric Status: Non-hydric 
Horizon Depth (cm) 
Oi 8-3 
Oe 3-0 
Ap 0-24 
Bw 24-36 
BC 36-59 
Cl 59-80 
C2 80-105 + 
Abrupt smooth boundary. 
Very dark gray (N3/) loam with common (5%) 
medium distinct (10YR 6/1) and few fine prominent 
reddish yellow (7.5YR 7/8) mottles; weak crumb 
structure; friable; few fine and many medium roots; 
mottles occur as neoferran quasialbans; abrupt 
smooth boundary. 
Yellowish brown (10YR 5/4) fine sand with few 
fine prominent dark reddish gray (10R 3/1) mottles; 
single grain structure; friable; common medium 
circular pores; few medium and coarse roots; no 
definitive association of (10R 3/1) mottles; common 
(3%) surround root channels as neomangans, 
common (3%) are vertical within the horizon, and 
common (4%) occur randomly as mangans on ped 
surfaces; gradual wavy boundary. 
Light gray (10YR 7/2) fine sand; weak single grain 
structure; few fine lenticular and few fine tubular 
pores; very loose; few very fine roots. 
Yellowish brown (10YR 5/6) sand with common 
(5%) medium prominent circular dark reddish gray 
(10R 3/1) and common (5%) medium prominent 
circular red (2.5YR 4/8) mottles; weak single grain 
structure; very loose; mottles occur in 3 concentric 
circles, dark reddish gray (10R 3/1) inner (3-mm 
wide), red (2.5YR 4/8) middle (1-mm wide), 
yellow (10YR 7/8) outer (4-mm wide). 
Yellowish brown (10YR 5/4) sand with common 
(5 %) medium distinct gray (10YR 6/1) and common 
(10%) medium prominent reddish yellow (7.5YR 
6/8) mottles. 
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Site # MAO 11.XXVI Taxonomic Subgroup: Typic Endoaquept 
Pedon #: 93654 Sampling Date: September 19, 1992 
Location: Amherst, MA Parent Material: Clayey lacust./loamy mantle 
Series: Elmridge variant Hydric Status: Hydric 
Horizon Depth (cm) 
Oe 7-0 
AP °"19 Very dark gray (10YR 3/1) silt loam with many 
coarse distinct gray (10YR 6/1) mottles; crumb 
structure; friable; many fine and few medium roots; 
many coarse distinct gray (10YR 6/1) mottles are 
pockets of the Bg horizon pedoturbated into the 
lower part of the Ap horizon; clear wavy boundary. 
Bg 19-22 
Clg 22-63 
C2 63-90 
Gray (10YR 6/1) sandy loam with few coarse 
distinct very dark gray (10YR 3/1) albans and 
common (6%) fine prominent reddish yellow (5YR 
6/8) ferrans; weak subangular blocky structure; 
friable; many fine roots; few coarse distinct very 
dark gray (10YR 3/1) mottles are pockets of the Ap 
horizon pedoturbated into the upper part of the Bg 
horizon; clear smooth boundary. 
Light gray (5YR 7/1) sand with common (15%) 
coarse distinct reddish yellow (7.5YR 7/6) mottles; 
massive structure; very friable; few fine and few 
medium roots. 
Strong brown (7.5YR 5/6) sand with common 
(10%) coarse distinct yellowish red (5YR 5/8), few 
fine prominent red (2.5YR 4/6),and common (7%) 
medium prominent gray (5YR 6/1) mottles; massi 
ve structure; friable. 
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2C3g 90-110 + Gray (5YR 6/1) clay loam with common (5%) 
medium distinct reddish yellow (5YR 7/8) 
neoferrans and few fine prominent dark reddish 
gray (1 OR 3/1) neomangans; few medium circular 
pores; reddish yellow (5YR 7/8) mottle texture is a 
very fine sand; many coarse prominent white (5YR 
8/1) skeleton grains on ped surfaces; neoferrans 
and neomangans are associated with oval and 
circular pores. 
293 
Site # MA011.XXVII 
Pedon #: 93660 
Location: Amherst, MA 
Series: Scitico taxadjunct 
Horizon Depth (cm) 
Oe 3-0 
Ap 0-17 
Bg 17-23 
Clg 23-28 
C2g 28-34 
C3g 34-70 
C4g 70-93 
C5g 93-105 + 
Taxonomic Subgroup: Typic Endoaquept 
Sampling Date: September 19, 1992 
Parent Material: Clayey lacust./loamy mantle 
Hydric Status: Hydric 
Very dark gray (10YR 3/1) silt loam with common 
(5%) medium distinct gray (10YR 6/1) mottles; 
crumb structure; friable; many fine and few 
medium roots; common (2%) medium distinct gray 
(10YR 6/1) mottles that are pockets of the Bg 
horizon pedoturbated upwards into the lower part of 
the Ap horizon; clear wavy boundary. 
Gray (10YR 6/1) sandy loam; weak subangular 
blocky structure; friable; many fine roots; clear 
smooth boundary. 
Light gray (5YR 7/1) sand with common (15%) 
coarse distinct reddish yellow (7.5YR 7/6) mottles; 
massive structure; very friable; few fine and few 
medium roots. 
White (10YR 8/1) fine sand with few medium 
distinct brownish yellow (10YR 6/8) mottles; 
massive structure; very loose; few fine roots. 
Gray (10YR 6/1) fine sand with common (5%) 
coarse distinct dark gray (N4/), common (10%) 
coarse distinct reddish yellow (7.5YR 7/8), and 
common (7%) fine reddish brown (2.5YR 4/4) 
neoferrans; weak subangular blocky structure; 
friable; few very fine roots. 
Light gray (5YR 7/1) very fine sand with common 
(5%) medium distinct reddish yellow (7.5YR 7/8) 
and few fine prominent dark reddish gray (1 OR 3/1) 
mottles. 
Light gray (5YR 7/1) silt loam with common (10%) 
medium distinct reddish yellow (7.5YR 7/8) and 
common (7 %) medium prominent dark reddish gray 
(1 OR 3/1) mottles. 
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Site # MA011.XXVIII 
Pedon #: 93668 
Location: Amherst, MA 
Series: Scitico taxadjunct 
Horizon Depth (cm) 
Oe 5-0 
Ap 0-14 
Bg 14-19 
Clg 19-39 
C2g 39-42 
C3g 42-63 
C4g 63-96 
C5g 96-105 + 
Taxonomic Subgroup: Typic Endoaquept 
Sampling Date: September 19, 1992 
Parent Material: Clayey lacust./loamy mantle 
Hydric Status: Hydric 
Very dark gray (10YR 3/1) silt loam with few 
medium prominent red (2.5YR 4/8) and few 
medium distinct yellow (10YR 7/8) mottles; crumb 
structure; friable; many fine and few medium roots; 
oval manganese and iron concretions are 2-mm by 
4-mm in diameter; abrupt smooth boundary. 
Gray (10YR 6/1) fine sandy loam with common 
(9%) coarse distinct yellow (10YR 7/8) mottles; 
weak subangular blocky structure; friable; few fine 
roots; abrupt smooth boundary. 
Light gray (10YR 7/1) sand with common (15%) 
coarse prominent reddish yellow (5YR 7/8) mottles; 
massive structure; very friable; few fine roots; clear 
wavy boundary. 
Pinkish white (7.5YR 8/2) sand with few fine 
distinct reddish yellow (5YR 7/8) mottles; loose. 
Gray (5YR 6/1) fine sandy loam with many (21%) 
medium distinct reddish yellow (7.5YR 6/8) 
quasiferrans and common (7 %) fine prominent dark 
yellowish brown (10YR 4/6) mottles; loose. 
Reddish gray (10R 5/1) very fine sandy loam with 
common (9%) coarse prominent reddish yellow 
(7.5YR 7/8) and common (7%) coarse faint dark 
reddish gray (10R 3/1) mottles; strong massive 
structure; firm. 
Gray (10YR 6/1) silt loam with common (6%) 
medium distinct reddish yellow (7.5YR 6/8), few 
fine distinct light gray (N7/), and many fine 
prominent lenticular red (2.5YR 4/6) mottles; 
massive structure; friable. 
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Site # MA011.10 (MAOll.XXIX) 
Pedon #: 93676 
Location: Amherst, MA 
Series: Elmridge variant 
Taxonomic Subgroup: Aerie Endoaquent 
Sampling Date: September 19, 1992 
Parent Material: Loamy/sandy stratified drift 
Hydric Status: Hydric 
Horizon Depth (cm) 
Oe 7-0 
Ap 0-19 
Bg 19-21 
Clg 21-33 
C2g 33-39 
C3g 39-56 
Dark gray (10YR 4/1) loam with common (3%) 
coarse distinct tongued light gray (N7/) and 
common (5%) medium prominent tubular strong 
brown (7.5YR 5/8) neoferrans; weak subangular 
blocky structure; friable; many fine and few 
medium roots; light gray (N7/) mottles have a silty 
texture; abrupt smooth boundary. 
Gray (10YR 6/1) fine sandy loam with common 
(4%) fine distinct tubular strong brown (7.5YR 5/8) 
neoferrans surrounding roots; weak subangular 
blocky structure; friable; many fine roots; clear 
smooth boundary. 
Light gray (10YR 7/2) fine sand with common 
(10%) medium and coarse prominent strong brown 
(7.5YR 5/8) mottles; weak subangular blocky 
structure; friable; common fine roots; clear smooth 
boundary. 
Gray (5YR 5/1) fine sandy loam with common 
(13%) fine prominent dark reddish gray (10R 3/1), 
common (6%) medium prominent strong brown 
(7.5YR 5/8), and common (4%) fine prominent 
reddish yellow (5YR 6/8) mottle; massive structure; 
friable; few fine pores; clear smooth boundary. 
Gray (5YR 6/1) loamy fine sand with common 
(8%) coarse prominent strong brown (7.5YR 5/8) 
quasiferrans; massive structure; friable; very thin 
and shiny (10YR 8/1) neoalbans on root channels; 
clear smooth boundary. 
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C4 56-70 Yellowish red (5YR 5/8) loamy fine sand with 
common (10%) fine prominent vertically tubular 
dusky red (10R 3/2), common (3%) fine prominent 
light brownish gray (10YR 6/2), and common 
(12%) fine prominent dusky red (10R 3/3) mottle; 
massive structure; friable; many (40%) fine circular 
pores; clear smooth boundary. 
C5g 70-102 Light brownish gray (10YR 6/2) loam with common 
(15%) coarse prominent reddish yellow (7.5YR 6/8) 
neoferrans and common (15%) fine to medium 
distinct light gray (N7/) neoalbans; massive 
structure; friable; very thin vertically tubular 
neoorgans on 1-mm root channels; few 17-cm and 
25-cm rounded cobbles (glacial drop stones) occur 
at the base of this horizon; clear smooth boundary. 
2C6 102-106+ Gray (N5/) clay loam. 
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APPENDIX B 
PARTICLE SIZE DISTRIBUTION 
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APPENDIX C 
CHEMICAL CHARACTERIZATION 
Note: Cation exchange capacity (CEC) represents the sum total of the exchangeable cations that 
a soil can absorb. It is expressed in centimoles of positive charge per kilogram of soil. 
This is separated into acidic and basic cations. Exchangeable acidity refers to those 
hydrogen and aluminum ions adsorbed on the soil coloids whereas exchangeable bases 
refer to calcium, magnesium, sodium, and potassium ions adsorbed on the soil colloids. 
Percent base saturation (%BS) represents the proportion of the cation exchange capacity 
occupied by bases. 
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(cmol/ 
kg) 
MAO 
# 
Exchg. 
acidity 
Ca Mg Na K Sum 
of the 
bases 
CEC % BS 
10.2 
Cg 7.49 0.62 0.46 0.04 0.11 1.2 8.7 14.1 
10.3 
A 22.68 1.50 0.66 0.40 0.23 2.8 25.5 10.9 
Bw 18.14 0.25 0.19 0.12 0.14 0.7 18.8 3.7 
eig 23.47 0.25 0.06 0.05 0.06 0.4 23.9 1.7 
C2g 4.93 0.12 0.15 0.11 0.13 0.5 5.4 9.5 
10.4 
A 62.32 1.12 0.68 0.32 0.51 2.6 65.0 4.1 
Cl 24.26 0.50 0.50 0.07 0.13 1.2 25.5 4.7 
C2 5.13 0.25 0.33 0.09 0.10 0.8 5.90 13.1 
10.6 
cig 16.76 3.99 0.67 0.20 0.14 5.0 21.8 23.0 
2C2 4.34 1.75 0.83 0.10 0.10 2.8 7.1 39.1 
2C3 9.27 2.12 0.92 0.10 0.12 3.3 12.5 26.0 
10.7 
A 33.13 6.85 0.69 0.27 0.27 8.1 41.2 19.6 
C 8.28 2.12 0.80 0.10 0.09 3.1 11.4 27.3 
10.8 
A 16.96 0.12 0.19 0.09 0.08 0.5 17.4 2.7 
Bs 15.78 0.25 0.09 0.08 0.09 0.5 16.3 3.1 
cig 5.72 0.25 0.12 0.04 0.07 0.5 6.2 7.7 
2C2g 7.10 1.37 0.87 0.08 0.17 2.5 9.6 25.9 
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(cmol 
/kg) 
MAO 
n 
Exchg. 
acidity 
Ca Mg Na K Sum 
of the 
bases 
CEC % BS 
11.1 
Ap 21.10 7.31 0.65 0.32 0.08 8.4 29.5 28.4 
Bg 6.31 3.74 0.73 0.17 0.04 4.7 11.0 42.6 
Cl 9.66 1.25 0.37 0.15 0.04 1.8 11.5 15.8 
11.2 
Ap 25.04 4.70 0.74 0.11 0.05 5.6 30.7 18.3 
B 5.32 1.87 0.68 0.09 0.04 2.7 8.0 33.5 
Clg 4.34 6.93 0.69 0.10 0.14 7.9 12.2 64.4 
2C2 14.20 3.24 0.92 0.13 0.08 4.4 18.6 23.5 
11.4 
Ap 17.35 7.72 0.68 0.12 0.07 8.6 25.9 33.1 
Clg 6.70 5.16 0.67 0.09 0.14 6.1 12.8 47.5 
11.6 
Ap 28.59 6.26 0.67 0.21 0.09 7.2 35.8 20.2 
Clg 6.70 2.50 0.67 0.17 0.06 3.4 10.1 33.6 
C2g 11.63 1.50 0.41 0.25 0.06 2.2 3.9 16.0 
11.8 
Ap 14.00 6.63 0.67 0.52 0.12 8.0 22.0 36.2 
Clg 5.92 4.44 0.66 0.56 0.07 5.7 11.6 49.2 
C2 10.85 5.26 0.68 0.31 0.10 6.4 17.2 36.9 
11.10 
Ap 13.61 7.86 0.68 0.38 0.14 9.1 22.7 40.0 
Bg 15.46 3.31 0.67 0.15 0.08 4.2 19.7 21.4 
Clg 16.56 3.62 0.67 0.16 0.10 4.5 21.1 21.5 
C2g 4.54 7.21 0.68 0.41 0.15 8.5 13.0 65.1 
C3g 9.86 5.18 0.69 0.21 0.12 6.2 16.1 38.6 
C4g 4.14 5.54 0.69 0.27 0.12 6.6 10.8 61.5 
C5g 9.07 6.73 0.70 0.48 0.18 8.1 17.1 47.1 
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APPENDIX D 
EXTRACTABLE ALUMINUM, IRON, AND MANGANESE 
Note: Percentages of Aluminum, Iron, and Manganese less than 0.01 are indicated as 
trace amounts. 
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MAO 
# 
Amonium Oxalate Sodium 
Pyrophosphate 
Citrate Dithionite 
(%) A1 Fe Mn A1 Fe Mn A1 Fe Mn 
10.2 
Cg 0.29 0.06 trace 0.23 0.05 trace 0.16 0.13 trace 
10.3 
A 0.14 0.22 trace 0.16 0.29 trace 0.15 0.47 trace 
Bw 0.15 0.11 trace 0.06 0.02 trace 0.06 0.04 trace 
Clg 0.33 0.37 trace 0.28 0.27 trace 0.23 0.52 trace 
C2g 0.38 0.35 trace 0.23 0.19 trace 0.20 0.27 trace 
10.4 
A 0.45 0.57 trace 0.54 0.64 trace 0.46 0.65 trace 
Cl 0.21 0.15 trace 0.10 0.05 .01 0.08 0.08 trace 
C2 0.17 0.14 trace 0.05 0.02 trace 0.07 0.05 trace 
10.6 
Clg 0.32 0.69 .01 0.08 0.10 trace 0.15 0.59 trace 
2C2 0.19 0.52 .01 0.04 0.05 trace 0.10 0.31 trace 
2C3 0.18 0.17 trace 0.04 0.03 trace 0.08 0.12 trace 
10.7 
A 0.23 0.32 trace 0.18 0.15 trace 0.16 0.19 trace 
C 0.14 0.27 .01 0.04 0.04 trace 0.09 0.18 trace 
10.8 
A 0.15 0.04 trace 0.16 0.04 trace 0.10 0.04 trace 
Bs 0.23 0.12 trace 0.12 0.05 trace 0.09 0.09 trace 
Clg 0.15 0.07 trace 0.06 0.03 trace 0.07 0.05 trace 
2C2g 0.16 0.13 trace 0.05 0.02 trace 0.08 0.05 trace 
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MAO 
# 
Amonium Oxalate Sodium 
Pyrophosphate 
Citrate Dithionite 
(%> A1 Fe Mn A1 Fe Mn A1 Fe Mn 
11.1 
Ap 0.29 0.11 trace 0.26 0.09 trace 0.17 0.13 trace 
Bg 0.43 0.22 trace 0.38 0.09 trace 0.25 0.22 trace 
Cl 0.21 0.24 trace 0.15 0.16 trace 0.18 0.37 trace 
11.2 
Ap 0.44 0.36 trace 0.37 0.28 trace 0.36 0.58 trace 
B 0.46 0.51 trace 0.11 0.07 trace 0.23 0.61 trace 
Cig 0.42 0.70 .01 0.05 0.03 trace 0.17 0.71 .01 
2C2 0.23 0.55 .02 0.05 0.04 trace 0.12 0.61 .02 
11.4 
Ap 0.56 0.58 trace 0.49 0.38 trace 0.37 0.60 trace 
Cig 0.20 0.45 .01 0.06 0.03 trace 0.17 0.53 .01 
11.6 
Ap 0.16 0.05 trace 0.17 0.05 trace 0.12 0.07 trace 
Cig 0.22 0.07 trace 0.13 0.03 trace 0.13 0.08 trace 
C2g 0.18 0.21 trace 0.13 0.06 trace 0.22 0.40 trace 
11.8 
Ap 0.18 0.10 trace 0.17 0.08 trace 0.11 0.10 trace 
Cig 0.16 0.26 .01 0.05 0.05 trace 0.13 0.51 .01 
C2 0.21 0.17 trace 0.07 0.04 trace 0.12 0.23 trace 
11.10 
Ap 0.21 0.12 trace 0.14 0.08 trace 0.08 0.11 trace 
Bg 0.21 0.57 trace 0.07 0.10 trace 0.11 0.88 trace 
cig 0.16 0.39 .01 0.04 0.04 trace 0.11 0.44 .01 
C2g 0.19 0.37 .07 0.04 0.03 trace 0.14 0.70 .08 
C3g 0.21 0.37 .01 0.03 0.03 trace 0.12 0.40 .01 
C4g 0.19 0.98 .09 0.05 0.05 .01 0.13 1.02 .08 
C5g 0.17 0.32 .01 
■ 
0.03 0.04 trace 0.11 0.57 .01 
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APPENDIX E 
BULK DENSITY, SOIL WATER PH, 
AND ORGANIC CARBON PERCENTAGE 
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Horizon Depth 
(cm) 
Bulk 
Density 
(Mg/nr) 
pH 
(H20) 
Organic 
Carbon 
(%) 
MA010.2 
Cg 64-99 4.7 0.1 
MA010.3 
A 0-25 1.34 4.0 4.2 
Bw 25-45 4.7 0.8 
Cig 45-52 1.41 4.9 0.7 
C2g 52-60 5.1 0.1 
MA010.4 
A 0-15 4.4 18.2 
Cl 15-20 1.58 4.5 0.3 
C2 20-32 1.46 4.8 0.1 
MA010.6 
Clg 0-1 5.4 0.4 
2C2 1-4 5.5 0.1 
2C3 4-24 1.66 5.8 0.1 
MA010.7 
A 0-18 1.59 4.8 4.0 
C 18-99 1.48 5.4 0.1 
MA010.8 
A 0-16 1.25 3.9 1.7 
Bs 16-35 1.92 4.4 0.3 
Clg 35-59 5.0 0.1 
C2g 59-83 5.5 0.1 
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Horizon Depth 
(cm) 
Bulk 
Density 
(Mg/m5) 
pH 
(H20) 
Organic 
Carbon 
(%) 
MA011.1 
Ap 0-19 5.1 2.8 
Bg 19-35 1.68 5.2 0.9 
Cl 35-42 1.41 5.3 0.2 
MA011.2 
Ap 0-18 5.4 1.7 
B 18-30 1.53 5.5 0.3 
Cig 30-36 6.0 0.1 
2C2 36-70 1.48 5.6 0.1 
MA011.4 
Ap 0-19 1.46 5.0 1.8 
Cig 19-60 1.48 5.4 0.5 
MA011.6 
Ap 0-16 5.0 3.2 
cig 16-21 1.43 5.3 0.5 
C2g 21-39 1.35 5.5 0.2 
MA011.8 
Ap 0-18 4.9 0.6 
Cig 18-31 1.56 5.4 0.2 
C2 31-95 1.38 6.1 0.1 
MA011.10 
Ap 0-19 5.3 1.6 
Bg 12-21 5.3 0.3 
cig 21-33 1.31 6.0 0.1 
C2g 33-39 5.8 0.1 
C3g 39-56 6.2 0.1 
C4g 56-70 5.9 0.1 
C5g 70-102 6.0 0.1 
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APPENDIX F 
SOIL COLOR INDICES 
Note: Four indices were calculated to determine the relationship between drainage 
classes and numerical data obtained from matrix and mottle colors. 
The soil pedon horizon, depth, texture, and indices Cl, C3, C4, and C5 are 
presented. Indices were calculated as follows: 
Index Cl (Evans and Franzmeier, 1988) is equal to: 
(matrix chroma * abundance) + (mottle chromaa * mottle abundance^ + 
(mottle chromab * mottle abundanceb) + ... 
Index C3 = (matrix chroma * abundance) 
Index C4 = (mottle chroma < 2a * mottle abundance^ + 
(mottle chroma < 2b * mottle abundanceb) + ... 
Index C5 = (mottle chroma > 2a * mottle abundance^ + 
(mottle chroma > 2b * mottle abundanceb) + ... 
where: an abundance of few = 0.01, common = 0.11, and many = 0.35 
(unless otherwise determined) and where Cl = C3 + C4 + C5. 
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MA010.1 (MAOIO.I) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 0-100 + 
Total 25-50 Organic 
MAOIO.II 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 0-100 + 
Total 25-50 Organic 
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MA010.III 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 2-0 
A 0-13 si 
Cig 13-36 s 4.03 0.57 0.06 3.40 
C2 36-53 s 7.43 0.08 1.05 6.30 
C3 53-59 cos 
C4 59-93 s 
C5 93-118 s 
C6g 118-125 vfs 
Total 25-50 5.93 0.30 0.61 5.02 
MAOIO.IV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 4-0 
A 0-9 1 
Cig 9-38 cos 2.00 1.50 0.50 — 
C2g 38-51 cos 1.21 0.97 — 0.24 
C3g 51-60 fs 
C4g 60-76 fs 
C5 76-96 + s 
Total 1.63 1.25 0.26 0.12 
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MA010.2 (MA010.V) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oel 0-34 
Oe2 34-55 
A/Cg 55-64 sil 
Cg 64-109 + cos 
Total 25-50 Organic 
MAOIO.VI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 5-0 
O/A 0-22 muck 
Cl 22-27 s 1.00 1.00 — — 
C2 27-36 s 4.20 3.60 — 0.60 
C3 36-74 s 2.02 1.98 — 0.04 
C4 74-95 + s 
Total 25-50 2.72 2.48 — 0.24 
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MA010.3 (MA010.VII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 2-0 
A 0-25 si 
Bw 25-45 Is 5.56 5.34 0.22 
Clg 45-52 cos 3.56 0.54 0.22 2.80 
C2g 52-60 s 
C3g 60-70 s 
C4g 70-98 + s 
Total 25-50 5.16 4.38 0.22 0.56 
MAOlO.Vin 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
A 0-20 1 
Clg 20-38 si 1.81 0.87 — 0.94 
C2g 38-48 fs 1.09 0.97 — 0.12 
C3g 48-100 + fs 1.00 1.00 — — 
Total 25-50 1.38 0.84 — 0.54 
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MA010.4 (MA010.IX) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
A 0-15 1 
Cl 15-20 lcos 
C2 20-32 cos 3.00 1.95 — 1.05 
C3g 32-100 + s 1.00 1.00 — _ 
Total 25-50 1.56 1.27 — .029 
MAOIO.X 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oel 0-23 
Oe2 23-43 
Oe3 43-51 
Cig 51-61 cl 
C2g 61-66 s 
C3g 66-68 s 
C4g 68-100 + cos 
Total 25-50 Organic 
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MA010.XI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 26-0 
A 0-7 muck 
Clg 7-16 cos 
C2 16-23 cos 
C3g 23-72 cos 
C4g 72-74 + cos 
Total 25-50 Organic 
MAOIO.XII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 25-0 
A 0-2 cl 
Cg 2-9 sic - 
Oeb 9-17 muck 
2Clg 17-22 fs 
2C2g 22-60 + cos 
Total 25-50 Organic 
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MA010.XIII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 25-0 
Cig 0-2 si 
C2g 2-83 + s 
Total 25-50 Organic 
MA010.5 (MAOIO.XIV) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 6-0 
A 0-22 sicl 
Cl 22-39 lcos 2.00 2.00 — — 
C2 39-46 cos 2.00 2.00 — — 
C3g 46-80 cos 1.00 1.00 — — 
C4g 80-100 + vcos 
Total 25-50 1.84 1.84 — — 
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MA010.XV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oa 15-0 
Cg 0-4 cl 
Ab 4-24 cl 
2Clg 24-65 s 1.38 0.94 — 0.44 
3C2g 65-93 + s 
Total 25-50 1.38 0.94 — 0.44 
MAOIO.XVI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oa 42-0 
A 0-9 cl 
Clg 9-17 s 
2C2 17-57 g 
3C3 57-100 + s 
Total 25-50 Organic 
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MA010.6 (MA010.XVII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oel 41-9 
Oe2 9-0 
cig 0-1 sil 
2C2 1-4 Is 
2C3 4-24 Is 
2C4 24-34 + lcos 
Total 25-50 Organic 
MA010.7 (MAOIO.XVIII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 1-0 
A 0-18 si 
C 18-99 + s 3.75 3.20 0.15 0.40 
Total 25-50 3.75 3.20 0.15 0.40 
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MA010.XIX 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 6-0 
A 0-7 Is 
E 7-12 s 
Bs 12-34 s 6.26 5.46 0.00 0.80 
Cig 34-44 s 2.00 2.00 — — 
C2 44-81 s 3.05 2.97 — 0.08 
2C3 81-100 + cl 
Total 25-50 3.79 3.48 0.00 0.31 
MA010.8 (MAOIO.XX) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 2-0 
A 0-16 si 
Bs 16-35 s 4.00 4.00 — — 
Cig 35-59 s 2.06 1.98 — 0.08 
2C2g 59-83 Is 
3C3 83-100 + sil 
Total 25-50 2.84 2.79 — 0.05 
321 
MA010.XXI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe/Oi 5-0 
A 0-3 Is 
E 3-9 s 
Bs 9-31 Is 2.70 2.55 0.15 — 
Cig 31-46 s 2.00 2.00 — — 
2Cg2 46-50 sil 2.62 1.42 0.00 1.20 
3Cg3 50-60 s 
4C4 60-93 sil 
5C5 93-105 + Is 
Total 25-50 2.27 2.04 0.04 0.19 
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MA011.1 (MAOll.I) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 3-0 
Ap 0-19 vfsl 
Bg 19-35 fsl 2.05 0.60 — 1.45 
Cl 35-42 fs 6.70 3.90 — 2.80 
C2 42-57 sil 4.00 4.00 — — 
C3 57-90 fs 
C4 90-95 fs 
2C5 95-108 + sil 
Total 25-50 3.98 2.61 — 1.37 
MAOll.II 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 9-0 
Ap 0-17 si 
Cl 17-37 s 5.40 2.60 — 2.80 
C2g 37-58 s 2.00 1.30 0.70 — 
C3g 58-91 + s 
Total 25-50 3.63 1.92 0.37 1.34 
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MA011.III 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 7-0 
Ap 0-16 sil 
Eg 16-22 s 
Bs 22-39 s 4.85 2.40 0.35 2.10 
Cl 39-63 s 4.80 3.20 — 1.60 
C2g 63-93 + s 
Total 25-50 4.83 2.75 0.20 1.88 
MAOll.IV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 7-0 
Ap 0-15 si 
cig 15-25 cos 
*- 
C2g 25-34 s 2.00 2.00 — — 
C3 34-56 s 4.02 3.96 — 0.06 
C4 56-93 + s 
Total 25-50 3.29 3.25 — 0.04 
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MA011.V 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 7-0 
Ap 0-18 si 
Eg 18-25 s 
Bhs 25-34 s 2.00 1.80 0.20 
Cl 34-45 s 6.00 5.40 _ 0.60 
C2g 45-90 s 4.10 1.30 _ 2.80 
C3g 90-93 + s 
Total 25-50 4.18 3.29 0.07 0.82 
MA011.2 (MAOll.VI) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 7-0 
Ap 0-18 fsl 
B 18-30 Is 3.50 2.70 _ _ 0.80 
Clg 30-36 vfsl 1.00 0 0.02 0.80 
2C2 36-70 fs 3.35 1.95 _ _ 1.40 
2C3 70-100 + s 
Total 25-50 2.82 1.63 0.05 1.14 
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MA011.VII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 4-0 
Ap 0-13 sil 
Bw 13-19 s 
BC1 19-37 s 6.18 5.34 — 0.84 
BC2 37-96 + fs 3.89 3.76 0.05 0.08 
• 
Total 25-50 5.15 4.67 0.03 0.45 
MA011.4 (MAOll.VIII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 5-0 
Ap 0-19 1 
cig 19-60 sil 
2C2 60-90 fs 4.10 1.30 — 2.80 
2C3 90-100+ s 
Total 25-50 4.10 1.30 — 2.80 
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MA011.IX 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 5-0 
Ap 0-17 sil 
Clg 17-36 si 3.45 0.60 0.05 2.80 
C2g 36-95 + fs 2.19 1.88 0.01 0.30 
Total 25-50 2.75 1.32 0.03 1.40 
MAOll.X 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 3-0 
Ap 0-20 sil 
Bg 20-27 vfs 0.98 0.85 0.05 0.80 
Cl 27-90 s 6.30 5.10 _ 1.20 
C2 90-107 + cos 
Total 25-50 5.93 4.76 0.01 1.17 
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MA011.XI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 7-0 
Ap 0-15 sil 
Bs 15-25 vfs 
Cl 25-42 cos 7.80 4.80 0.20 2.80 
C2 42-70 cos 1.05 0.99 — 0.06 
C3 70-93 + s 
Total 25-50 5.64 3.58 0.14 1.92 
MA011.5 (MAOll.XII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 3-0 
Ap 0-18 1 
cig 18-33 vfsl 2.60 1.80 — 0.80 
C2g 33-100 + fsl 2.10 1.90 — 0.20 
Total 25-50 2.26 1.87 — 0.39 
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MA011.XIII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 6-0 
Ap 0-15 vfs 
Bg 15-21 cl 
Clg 21-31 fs 2.10 1.80 0.00 0.30 
C2 31-53 s 3.00 1.95 — 1.05 
C3 53-80 s 
C4 80-102 + fs 
Total 25-50 2.78 1.91 0.00 0.87 
MAOll.XIV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 6-0 
Ap 0-17 fsl 
Bg 17-29 fs 1.08 0.97 0.03 0.08 
Cl 29-46 s 2.92 2.82 0.10 — 
C21 46-50 vfs 2.20 1.80 0.00 0.40 
C3 50-61 s 
C4 61-85 s 
C5g 85-99 + s 
Total 25-50 2.51 2.36 0.07 0.08 
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MA011.XV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 3-0 
Ap 0-14 sil 
Bg 14-23 fsl 
Cgl 23-35 fs 4.10 1.30 — 2.80 
Cg2 35-79 fs 4.50 1.10 — 3.40 
C3 79-102 fs 
C4g 102-121 fs 
Total 25-50 4.34 1.18 — 3.16 
MAOll.XVI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 6-0 
Ap 0-16 si 
-- 
Bg 16-33 sil 1.02 0.99 — 0.03 
cig 33-50 s 2.70 1.30 — 1.40 
C2 50-80 s 
C3 80-94 + s 
Total 25-50 2.16 1.20 — 0.96 
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MA011.XVII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 5-0 
Ap 0-14 sil 
Bg 14-28 fs 1.05 0.95 0.10 _ 
Clg 28-34 cos 1.00 1.00 — — 
C2g 34-41 cos 2.00 2.00 — — 
C3g 41-63 cos 2.00 2.00 — — 
C4g 63-70 + vfs 
Total 25-50 1.65 1.64 0.01 — 
MAOll.XVIII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 4-0 
Ap 0-14 sil 
Bg 14-24 fs 
Cl 24-85 fs 4.05 0.90 0.35 2.80 
2C2 85-92 sil 
2C3 92-101 + sil 
Total 25-50 4.05 0.90 0.35 2.80 
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MA011.XIX 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe/Oi 5-0 
Ap 0-20 sil 
Bg 20-28 vfsl 1.49 0.93 — 0.56 
Cl 28-72 vfs 3.13 2.37 0.10 0.66 
C2 72-99 + vfs 
Total 25-50 2.93 2.20 0.09 0.65 
MA011.6 (MAOll.XX) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 5-0 
Ap 0-16 1 
Clg 16-21 fsl 
C2g 21-39 lfs 2.05 1.80 0.05 0.20 
C3g 39-60 s 2.90 1.70 — 1.20 
C4g 60-90 fs 
C5g 90-100 vfs 
2C6g 100-105 sil 
Total 25-50 2.43 1.76 0.03 0.64 
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MA011.XXI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 3-0 
Apl 0-13 fsl 
Ap2 13-21 fsl 
Clg 21-38 s 1.40 1.20 0.00 0.20 
C2g 38-70 s 2.01 1.98 — 0.03 
C3g 70-92 s 
2C4g 92-102 + sil 
Total 25-50 1.75 1.62 0.00 0.13 
MA011.8 (MAOll.XXII) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 9-0 
Ap 0-18 1 
Clg 18-31 fsl 2.50 1.60 0.10 0.80 
C2 31-95 fsl 3.03 2.94 0.01 0.08 
C3 95-98 s 
2C4g 98-107 + sil 
Total 25-50 2.90 2.62 0.03 0.25 
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MA011. XXIII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 5-0 
Ap 0-17 sil 
Bgl 17-24 sil 
Bg2 24-36 fs 1.60 0.80 0.00 0.80 
2Clg 36-46 sic 3.60 0.60 — 3.00 
3C2 46-75 s 3.85 3.80 0.05 — 
3C3 75-100 + fs 
Total 25-50 2.75 1.20 0.01 1.55 
MAOll.XXIV 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi/Oe 6-0 
Ap 0-18 fsl 
Bg 18-27 cl 3.45 0.65 — 2.80 
Cl 27-53 s 3.26 2.82 — 0.44 
C2 53-97 s 
C3 97-103 + s 
Total 25-50 3.28 2.65 — 0.63 
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MA011.9 (MA011.XXV) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oi 8-3 
Oe 3-0 
Ap 0-24 1 
Bw 24-36 fs 3.97 3.96 0.01 — 
BC 36-59 fs 2.00 2.00 — — 
Cl 59-80 s 
C2 80-105 + s 
Total 25-50 2.87 2.86 0.01 — 
MAOll.XXVI 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 7-0 
Ap 0-19 sil 
Bg 19-22 si 
Clg 22-63 s 1.75 0.85 — 0.90 
C2 63-90 s 
2C3g 90-110 + cl 
Total 25-50 1.75 0.85 — 0.90 
335 
MA011.XXVII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 3-0 
Ap 0-17 sil 
Bg 17-23 si 
cig 23-28 s 1.75 0.85 — 0.90 
C2g 28-34 fs 1.07 0.99 — 0.08 
C3g 34-70 fs 1.86 0.78 0.00 1.08 
C4g 70-93 vfs 
C5g 93-105 + sil 
Total 25-50 1.34 0.92 0.00 0.42 
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MA011. XXVIII 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 5-0 
Ap 0-14 sil 
Bg 14-19 fsl 
cig 19-39 s 2.05 0.85 — 1.20 
C2g 39-42 s 2.06 1.98 — 0.08 
C3g 42-63 fsl 2.82 0.72 — 2.10 
C4g 63-96 vfsl 
2C5g 96-105 + sil 
Total 25-50 2.30 0.94 — 1.36 
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MA011.10 (MAOll.XXIX) 
Horizon Depth 
(cm) 
Texture Cl C3 C4 C5 
Oe 7-0 
Ap 0-19 1 
Bg 19-21 fsl 
Clg 21-33 fs 3.20 1.6 — 1.60 
C2g 33-39 fsl 1.70 0.77 0.13 0.80 
C3g 39-56 lfs 1.56 0.92 — 0.64 
C4 56-70 lfs 
C5g 70-102 1 
2C6 102-106 csil 
Total 25-50 2.12 1.10 0.03 0.99 
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